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SECTION I

INTRODUCTION

High performance aerospace systems are dependent on materials that are

lighter, have improved mechanical properties, and/or offer a cost savings.

Aluminum alloys that met these criteria were the newly developed aluminum-

lithium alloys and the second generation powder metallurgy alloys.

In 1985, the Air Force along with the aerospace community found it important

to investigate the potential of these promising aluminum alloys. A cooperative
program was formed by the Wright Laboratory Materials Directorate, Systems

Support Division and a number of aerospace industries. The Air Force would

obtain the test material from the producers, compile the test data, and submit
reports to the participants. The participants agreed to support the program by

performing mechanical property tests which includes tension, compression,

bearing, shear, fracture toughness, and fatigue related properties (S/N, da/dn).

The Air Force elected to perform spectrum fatigue crack growth testing on most

alloys. A list of participants is shown in the following table.

This interim report contains the aluminum-lithium alloys produced by Inco

Alloys International (Inco MAP); IN905XL jack fitting precision forging and
AL905XL back up fitting precision forging. These two alloys are actually the

same alloy but were produced in d, , nt years and production plants. The
IN905XL forgings were produced in t pilot plant under developmental

conditions of manufacturer in 1986. Significant variability in properties can be

expected under such conditions.

In 1989, Inco Alloys International constructed a production facility to

make the AL905XL and other mechanically alloyed aluminum alloys.

Production practices through all stages of alloy manufacture were changed to
yield greatly improved reproducibility. Comparisons to other materials, and
ranking of materials is generally avoided since each potential application may

be biased on different evaluation criteria.



Participants and Advanced Aluminum Alloys

in the Cooperative Test Program

ALUMINUM LrrHIUM ALLOYS P/M ALUMINUM ALLOYS

PECHINEY AL Inc COA REYNOLDS KAISER AL

CkC LL~et

I I C ; CDC D

LT. "( x x x XX X x x x

5'

A ForetPa, OHAi x x x x x x x x x x!;

Army, MA x

AVCO, TN x

Boeing. WA X KKX

Douglas Aircraft CA x xx x x x

General Dynamics, CA x xxx x

General Dynamics, TX X X x x XX

Grumman Aerospace, NY x< X;XI

Jet Propulsion, CA x x

Lockheed, CA x x x x

Lockheed, GA x x x

LTV, TX X Xx x x X X !X

Marlin Marietta. LA x Xx x XXX X xx1ix x x x

McDonnell Douglas Astro. CA x x

McDonnell Douglas Helicopter. AR x

McDonnell Douglas Missile Sys, MO X

McDonnell Aircraft, MO x x X X X X X

NASAVA X x X X

Naval Air Development Center K x x x
Northrop, CA X X X X x X X X X X X

Sikorsky, CT X X x x x

Sundstrand, IL X

Wyman -Gordon I X
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SECTION II

MATERIALS AND TESTS

The aluminum-lithium alloys tested were IN905XL forging (Figure G1)

and AL905XL (Figure H1) which are a mechanically alloyed material exhibiting

medium strength.

Basic mechanical tests were performed by the participants along with

fatigue, fatigue crack growth, spectrum fatigue, and stress corrosion tests.

ASTM standards were used for testing when applicable.



SECTION III

PRESENTATION

The purpose of this effort was to generate mechanical property data on

newly developed aluminum alloys.

Each participant compiled a data package which contained the data they
generated. Some of these data packages contain discussions, and in other

cases, only the data were provided. The tensile, compression, bearing, shear,
and fracture toughness data from each package were put in tabular form.
Fatigue, fatigue crack growth, and spectrum fatigue crack growth data were

placed in tabular and graphical form. Corrosion results were prepared in

tabular form.

Constant amplitude fatigue crack growth tests were conducted according
to ASTM E647 Standard unless otherwise specified. The A-N data supplied

were reduced using a seven-point incremental polynomial method. This
involves fitting a second-order polynomial (parabola) to sets of seven

successive data points. K controlled methods were used by Northrop and

General Dynamics. McDonnell Aircraft Company (MCAIR) used a WOL
specimen geometry and therefore the seven-point incremental polynomial
method was not used to generate the da/dn vs delta K data. The spectrums

used were FALSTAFF and Mini-TWIST. Corrosion results were documented

exactly as they were received from the participants.

4



SECTION IV

RESULTS AND DISCUSSION

This report contains the aluminum-lithium material produced by Inco

Alloys International (IncoMAP). The appendix contains the results for a specific

alloy and product form. The following table lists the form and aluminum-lithium

alloy in the appendix.

Table

Contents of Appendix

Form Aluminum-Lithium Alloy Appendix

Forging IN905XL G

Forging AL905XL H



SECTION V

CONCLUSIONS

Ten aerospace laboratories participated in generating data on the
IN905XL forging and AL905XL forging for the cooperative test program. These

data combined with future interim reports on the Air Force/Industry Cooperative
Test Program on Advanced Aluminum Alloys will provide an extensive data

base on aluminum-lithium alloys.

6



APPENDIX G

IN905XL PRECISION FORGING

INTRODUCTION

The IN905XL forging was received the first quarter of 1987 and all the

participants except General Dynamics TX tested the material in the as-received
condition. General Dynamics TX exposed the forging to a two-step solution
treatment and aging. Figure Gi shows the geometry of the IN905XL jack fitting
precision forging.

TESTING

Basic mechanical properties (tension, compiession, bearing, etc) were
tested according to ASTM standards, unless otherwise specified.

Constant amplitude fatigue crack growth tests were conducted according
to ASTM E647 standard. Northorp Corporation and General Dynamics
performed constant amplitude fatigue crack growth test using K controlled
methods. McDonnell Aircraft Company (MCAIR) used a WOL specimen

geometry.

A mini-TWIST (moderately intense fatigue environment) spectrum test
was performed by the Air Force.

7
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TABLE G1

TENSILE RESULTS FOR

IN905XL FORGING

COMPANY TEST ORIENT- ULTIMATE YIELD ELONG RA E COMMENT
TEMP ATION STRENGTH STRENGTH (%) (%) (MSI)

(DEGREES F) (KSI) (KSI)

AIR FORCE RT LONG 66.6 52.0 11.5 23.0 (1)
65.9 50.6 11.9 21.0 (1)
66.1 52.0 11.8 25.0 (1)
64.3 51.6 13.6 27.6 (2)
63.7 48.7 10.4 12.4 (2)
62.7 49.5 11.0 19.4 (2)
67.7 56.0 13.0 30.3 (1)
68.0 56.1 13.0 25.3 (1)
68.3 57.7 13.0 28.0 (1)

MCAIR RT LONG 75.0 65.0 9.0 18.2 11.6 (1)
75.5 64.5 8.0 15.6 11.9 (1)
74.5 62.0 9.0 20.3 12.4 (1)

LTV RT LONG 68.0 51.5 13.0 21.6 10.8 (1)
67.9 54.8 12.0 17.4 10.8 (1)
64.7 50.2 11.0 9.2 10.8 (1)

NORTHROP RT LONG 67.4 55.4 10.0 11.6 (1)
55.7 12.1 (1)

67.0 55.3 12.0 12.2 (1)
64.3 53.9 12.0 11.5 (2)
65.0 53.3 11.0 11.9 (2)
64.7 51.7 12.0 11.3 (2)

MARTIN RT LONG 75.1 62.2 12.0 13.9 11.4
MARIETTA 75.9 63.8 10.0 14.7 11.4

78.1 64.9 10.0 13.2 11.6

SIKORSKY RT LONG 67.5 57.7 7.5 12.4 (1)
67.8 55.9 14.0 12.2 (1)
68.0 55.3 13.0 12.6 (1)
67.8 54.7 13.0 12.1 (1)
68.9 57.0 13.0 12.7 (1)
68.5 56.1 14.0 12.0 (1)

NASA RT LONG 67.0 57.3 7.0 11.5

LANGLEY 67.9 57.8 9.0 11.4
67.6 58.1 7.0 11.5

AVERAGE 68.4 56.0 11.2 19.8 11.7

STANDARD DEVIATION 3.9 4.5 2.0 6.0 0.5

(1): THIN SECTION (WEB/FLANGE SECTION)
(2): THICK SECTION (END SECTION)

0



TABLE G2

TENSILE RESULTS FOR

IN905XL FORGING

COMPANY TEST ORIENT- ULTIMATE YIELD ELONG RA E COMMENT
TEMP ATION STRENGTH STRENGTH (%) (%) (MSI)

(DEGREES F) (KSI) (KSI)

AIR FORCE RT L TRANS 66.9 54.1 9.3 16.8 (1)
67.2 53.9 7.0 11.7 (1)
67.8 54.7 8.0 15.8 (1)
64.9 51.2 13.3 19.9 (2)

64.4 50.4 11.1 19.0 (2)
64.4 49.7 9.3 13.5 (2)
64.8 50.9 9.0 18.3 (1)
64.1 50.1 11.0 12.3 (1)

63.5 49.5 8.0 17.6 (1)

MCAIR RT L TRANS 74.5 66.0 8.0 15.1 12.4 (1)
74.5 61.5 9.0 18.5 12.6 (1)
74.5 64.5 8.0 16.3 11.5 (1)

LTV RT L TRANS 66.8 55.2 10.0 19.2 11.2 (1)
67.0 54.7 10.0 18.6 11.5 (1)
67.4 55.2 12.0 17.7 11.2 (1)

NORTHROP RT L TRANS 66.3 54.9 10.0 11.6 (1)
65.8 54.3 11.0 11.5 (1)
66.6 54.9 12.5 11.6 (1)
64.8 51.4 6.0 11.9 (2)
65.0 52.5 8.0 11.7 (2)
65.3 52.9 8.0 11.9 (2)

MARTIN RT L TRANS 69.5 54.9 4.0 1.6 11.3
MARIETTA 69.8 54.8 3.0 1.6 11.1

69.3 54.6 4.0 3.2 11.0

SIKORSKY RT L TRANS 68.1 56.7 14.0 12.7 (1)
67.9 56.8 10.0 11.8 Ji)
69.0 57.8 13.0 13.5 (1)
68.7 58.1 9.0 11.1 (1)

NASA RT L TRANS 67.9 58.1 8.0 11.5
LANGLEY 67.8 58.4 8.0 11.4

68.0 58.4 8.0 11.5

AVERAGE 67.5 55.2 9.0 14.3 11.7

STANDARD DEVIATION 2.9 4.0 2.6 6.1 0.6

(1): THIN SECTION (WEB/FLANGE SECTION)
(2): THICK SECTION (END SECTION)
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TABLE G3

TENSILE RESULTS FOR

IN905XL FORGING

COMPANY TEST ORIENT- ULTIMATE YIELD ELONG RA E COMMENT
TEMP ATION STRENGTH STRENGTH (%) (%) (MSI)

(DEGREES F) (KSI) (KSI)

LTV RT S TRANS 64.7 50.8 8.0 7.7 11.2 (2)
67.3 54.8 12.0 28.4 10.9 (2)
63.2 50.8 8.0 10.3 11.2 (2)

NORTHROP RT S TRANS 64.1 52.6 6.5 11.4 (1)
64.3 52.2 8.0 12.1 (1)
64.7 51.5 8.0 11.9 (1)

MARTIN RT S TRANS 74.1 61.2 6.0 4.8 11.6
MARIETTA 75.5 62.0 6.0 4.0 11.3

72.6 60.8 4.0 4.8 11.2

SIKORSKY RT S TRANS 67.7 54.8 9.0 11.6 (1)
65.3 50.8 5.0 12.8 (1)

NASA RT S TRANS 63.9 53.3 5.0 11.2
LANGLEY 63.1 53.7 5.0 11.4

63.8 53.6 5.0 11.3

AVERAGE 66.7 54.5 6.8 10.0 11.5

STANDARD DEVIATION 4.2 4.0 2.1 9.3 0.5

(1): THIN SECTION (WEB/FLANGE SECTION)
(2): THICK SECTION (END SECTION)



TABLE G4

TENSILE RESULTS FOR

IN905XL FORGING

COMPANY TEST ORIENT- ULTIMATE YIELD ELONG RA E COMMENT

TEMP ATION STRENGTH STRENGTH (%) (%) (MSI)

(DEGREES F) (KSI) (KSI)

GENERAL RT LONG 69.7 57.6

DYNAMICS 67.1 59.2 9.7

AVERAGE 68.4 58.4 9.7

STANDARD DEVIATION 1.8 1.1

(*): THIN SECTION
NOTE: HEAT TREATED WITH THE FOLLOWING SCHEDULE:

STEP 1 - 850F FOR 2 HRS

STEP 2 - 665F FOR 2 HRS
STEP 3 - WARM WATER QUENCH

STEP 4 - 230F FOR 24 HRS

TABLE G5

TENSILE RESULTS FOR

IN905XL FORGING

COMPANY TEST ORIENT- ULTIMATE YIELD ELONG RA E COMMENT

TEMP ATION STRENGTH STRENGTH (%) (%) (MSI)

(DEGREES F) (KSI) (KSI)

GENERAL RT L TRANS 71.2 58.7 8.6

DYNAMICS 67.9 56.6 9.7

AVERAGE 69.6 57.7 9.2

STANDARD DEVIATION 2.3 1.5 0.8

(*): THIN SECTION

NOTE: HEAT TREATED WITH THE FOLLOWING SCHEDULE:

STEP 1 - 850F FOR 2 HRS

STEP 2 - 665F FOR 2 HRS

STEP 3 - WARM WATER QUENCH

STEP 4 - 230F FOR 24 HRS
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TABLE G6

COMPRESSION RESULTS FOR

IN905XL FORGING

COMPANY TEST ORIENTATION COMPRESSIVE COMPRESSIVE
TEMPERATURE YIELD STRENGTH MODULUS

(DEGREES F) (KSI) (MSI)

MCAIR RT LONG 65.9 11.9

65.9 10.4

65.6 11.8

LTV RT LONG 59.1 11.9

53.3 12.1

60.5 12.0

NORTHROP RT LONG 56.6 11.7

57.1 12.2

57.4 12.0

MARTIN RT LONG 70.3 12.4
MARIETTA 70.9 12.3

71.0 12.3

SIKORSKY RT LONG 57.9 13.2

56.6 11.2

NASA RT LONG 60.7 11.7
LANGLEY 61.4 11.7

61.6 11.7

AVERAGE 61.9 11.9

STANDARD DEVIATION 5.5 0.6

NOTE: NORTHROP SPECIMENS TAKEN FROM WEB/FLANGE SECTION.
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TABLE G7

COMPRESSION RESULTS FOR

IN905XL FORGING

COMPANY TEST ORIENTATION COMPRESSIVE COMPRESSIVE

"'EMPERATURE YIELD STRENGTH MODULUS
(DEGREES F) (KSI) (MSI)

MCAIR RT L TRANS 64.2 12.1
62.5 12.4

62.0 12.7

LTV RT L TRANS 57.3 11.5

58.9 12.3
56.5 12.2

NORTHROP RT L TRANS 56.2 11.9

56.0 11.8

56.0 11.9

MARTIN RT L TRANS 67.2 12.3
MARIETTA 67.2 12.2

67.3 12.3

SIKORSKY RT L TRANS 56.2 12.5
55.5 11.8

55.4 12.4

NASA RT L TRANS 59.3 11.7

LANGLEY 59.2 11.6
59.2 11.7

AVERAGE 59.8 12.1

STANDARD DEVIATION 4.3 0.3

NOTE: NORTHROP SPECIMENS TAKEN FROM WEB/FLANGE SECTION.

14



TABLE G8

COMPRESSION RESULTS FOR

IN905XL FORGING

COMPANY TEST ORIENTATION COMPRESSIVE COMPRESSIVE

TEMPERATURE YIELD STRENGTH MODULUS

(DEGREES F) (KSI) (MSI)

LTV RT S TRANS 54.1 11.5

59.3 12.0

53.7 11.8

NORTHROP RT S TRANS 50.8 11.9
51.1 11.9

50.1 11.8

MARTIN RT S TRANS 57.1 12.2

MARIETTA 57.1 12.1

56.5 12.0

NASA RT S TRANS 56.5 11.6
LANGLEY

AVERAGE 54.6 11.9

STANDARD DEVIATION 3.2 0.2

NOTE: NORTHROP SPECIMENS TAKEN FROM WEB/FLANGE SECTION.
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TABLE G9

COMPRESSION RESULTS FOR

IN905XL FORGING

COMPANY TEST ORIENTATION COMPRESSIVE COMPRESSIVE
TEMPERATURE YIELD STRENGTH MODULUS
(DEGREES F) (KSI) (MSI)

GENERAL RT LONG 58.0 11.4
DYNAMICS (*)

(*): HEAT TREATED TO THE FOLLOWING SCHEDULE:
STEP 1 - 850F FOR 2 HRS

STEP 2 - 665F FOR 2 HRS

STEP 3 - WARM WATER QUENCH

STEP 4 - 230F FOR 24 HRS

TABLE G1O

COMPRESSION RESULTS FOR

IN905XL FORGING

COMPANY TEST ORIENTATION COMPRESSIVE COMPRESSIVE
TEMPERATURE YIELD STRENGTH MODULUS
(DEGREES F) (KSI) (MSI)

GENERAL RT L TRANS 59.3 11.7
DYNAMICS (*) 55.9 11.7

AVERAGE 57.6 11.7

STANDARD DEVIATION 2.4 0.0

(*): HEAT TREATED TO THE FOLLOWING SCHEDULE:

STEP 1 - 850F FOR 2 HRS

STEP 2 - 665F FOR 2 HRS
STEP 3 - WARM WATER QUENCH

STEP 4 - 230F FOR 24 HRS
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TABLE GIl

IOSIPESCU SHEAR RESULTS FOR

IN905XL FORGING

COMPANY ORIENTATION SHEAR
STRENGTH

(KSI)

LTV LONG 41.8

41.7

AVERAGE 41.8

STANDARD DEVIATION 0.1

TABLE G12

IOSIPESCU SHEAR RESULTS FOR

IN905XL FORGING

COMPANY ORIENTATION SHEAR
STRENGTH

(KSI)

LTV L TRANS 40.4

41.4

41.7
41.1

AVERAGE 41.2

STANDARD DEVIATION 0.6
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TABLE G13

AMSLER DOUBLE SHEAR RESULTS FOR

IN905XL FORGING

COMPANY ORIENTATION SHEAR
STRENGTH

(KSI)

GENERAL DYNAMICS (*) L - S 37.7

37.9

AVERAGE 37.8

STANDARD DEVIATION 0.1

(*): HEAT TREATED TO THE FOLLOWING SCHEDULE:

STEP 1 - 850F FOR 2 HRS

STEP 2 - 665F FOR 2 HRS

STEP 3 - WARM WATER QUENCH
STEP 4 - 230F FOR 24 HRS

TABLE G14

AMSLER DOUBLE SHEAR RESULTS FOR

IN905XL FORGING

COMPANY ORIENTATION SHEAR
STRENGTH

(KSI)

NORTHROP L - S 39.6

39.3

39.3

NASA-LANGLEY L - S 41.0

40.9

40.7

AVERAGE 40.1

STANDARD DEVIATION 0.8
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TABLE G15

AMSLER DOUBLE SHEAR RESULTS FOR

IN905XL FORGING

COMPANY ORIENTATION SHEAR

STRENGTH
(KSI)

NASA-LANGLEY T - S 40.9
41.0

40.7

AVERAGE 40.9

STANDARD DEVIATION 0.2

TABLE G16

SLOTTED SHEAR RESULTS FOR

IN905XL FORGING

COMPANY ORIENTATION SHEAR

STRENGTH

(KSI)

MCAIR LONG 44.5
41.5

38.0

AVERAGE 41.3

STANDARD DEVIATION 3.3

19



TABLE G17

BEARING RESULTS FOR

IN905XL FORGING

COMPANY ORIENTATION e/D BEARING BEARING

ULT. STR. YIELD STR.
(KSI) (KSI)

LTV LONG 1.5 97.0 82.5

95.9 83.7

NORTHROP LONG 1.5 102.0 83.9

89.4 77.7
100.8 82.3

NASA-LANGLEY LONG 1.5 88.4 79.3
92.6 78.7

AVERAGE 97.0 82.0

STANDARD DEVIATION 5.0 2.5

NOTE: NORTHROP SPECIMENS TAKEN FROM WEB/FLANGE SECTION.

TABLE G18

BEARING RESULTS FOR

IN905XL FORGING

COMPANY ORIENTATION e/D BEARING BEARING
ULT. STR. YIELD STR.

(KSI) (KSI)

LTV L TRANS 1.5 118.0 91.5

115.0 97.9

NORTHROP L TRANS 1.5 85.3 77.3
98.1 82.3
86.7 77.2

AVERAGE 100.6 85.2

STANDARD DEVIATION 15.4 9.2

NOTE: NORTHROP SPECIMENS TAKEN FROM WEB/FLANGE SECTION.
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TABLE G19

BEARING RESUITS FOR

IN905XL FORGING

COMPANY ORIENTATION e/D BEARING BEARING
ULT. STR. YIELD STR.

(KSI) (KSI)

MCAIR LONG 2.0 125.0 104.0

125.0 107.0

124.0 102.0

LTV LONG 2.0 118.0 91.5
115.0 97.9

NORTHROP LONG 2.0 125.1 96.5

125.9 95.7

125.9 93.7

AVERAGE 123.0 98.5

STANDARD DEVIATION 4.1 5.3

TABLE G20

BEARING RESULTS FOR

IN905XL FORGING

COMPANY ORIENTATION e/D BEARING BEARING

ULT. STR. YIELD STR.
(KSI) (KSI)

GENERAL LONG 2.0 111.0 93.4
DYNAMICS (*) 113.3 92.9

AVERAGE 112.2 93.2

STANDARD DEVIATION 1.6 0.4

(*): HEAT TREATED TO THE FOLLOWING SCHEDULE:

STEP 1 - 850F FOR 2 HRS
STEP 2 - 665F FOR 2 HRS

STEP 3 - WARM WATER QUENCH
STEP 4 - 230F FOR 24 HRS
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TABLE G21

BEARING RESULTS FOR

IN905XL FORGING

COMPANY ORIENTATION e/D BEARING BEARING

ULT. STR. YIELD STR.

(KSI) (KSI)

MCAIR L TRANS 2.0 105.0 101.0

123.0 103.0

122.0 103.0

LTV L TRANS 2.0 117.2 100.5

124.7 97.3

NORTHROP L TRANS 2.0 117.5 89.0
124.2 92.2

115.7 89.0

AVERAGE 118.7 96.9

STANDARD DEVIATION 6.5 6.0

TABLE G22

BEARING RESULTS FOR

IN905XL FORGING

COMPANY ORIENTATION e/D BEARING BEARING

ULT. STR. YIELD STR.
(KSI) (KSI)

GENERAL L TRANS 2.0 108.4 89.3

DYNAMICS (*) 107.9 90.4

AVERAGE 108.2 89.9

STANDARD DEVIATION 0.4 0.8

(*): HEAT TREATED TO THE FOLLOWING SCHEDULE:

STEP 1 - 850F FOR 2 HRS

STEP 2 - 665F FOR 2 HRS
STEP 3 - WARM WATER QUENCH

STEP 4 - 230F FOR 24 HRS
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TABLE G23

FRACTURE TOUGHNESS RESULTS FOR

IN905XL FORGING

COMPANY ORIENTATION KIC Kq COMMENT
(KSI in^0.5) (KSI in^0.5)

MCAIR L-T 18.8 VALID
24.9 VALID

NORTHROP L-T 37.9 (1)

38.3 (1)

MARTIN L-T 27.7 (2)
MARIETTA

AVERAGE 21.9 34.6

STANDARD DEVIATION 4.3 6.0

(1): INVALID DUE TO Pmax/Pq > 1.10

(2): INVALID DUE TO PRE-CRACK GROWTH > 0.55W

NOTE: NORTHROP SPECIMENS TAKEN FROM END SECTION.
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TABLE G24

FRACTURE TOUGHNESS RESULTS FOR

IN905XL FORGING

COMPANY ORIENTATION KIC Kq COMMENT

(1(51 in^0.5) (1(51 in^0.5)

MCAIR T-L 23.5 VALID
21.0 VALID

LTV T-L 33.9 (1)

35.4 (1)
31.5 (1)
33.4 (1)

NORTHROP T-L 34.4 (1)

33.4 (1)

MARTIN T-L 22.8 (2)

MARIETTA 21.7 (2)

-.RACE 22.3 30.8

STANDA'.0 DEVIATION 1.7 5.4

(1): INVAL7D DUE TO Pmax/Pq > 1.10
(2): INVALID DUE TO PRE-CRACK GROWTH > 0.55W

NOTE: AORTHROP SPECIMENS TAKEN FROM END SECTION.
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TABLE G25

FRACTURE TOUGHNESS RESULTS FOR

IN905XL FORGING

COMPANY ORIENTATION KIC Kq COMMENT
(KSI in^0.5) (KSI in^0.5)

LTV T-S 34.1 (1)

33.3 (1)

AVERAGE 33.7

STANDARD DEVIATION 0.6

(1): INVALID DUE TO Pmax/Pq > 1.10
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TABLE G?6

FRACTURE TOUGHNESS RESULTS FOR

IN905XL FORGING

COMPANY ORIENTATION KIC Kq COMMENT
(KSI in^0.5) (KSI in^0.5)

MCAIR S-T 17.8 VALID

19.3 VALID

MARTIN S-T 15.6

MARIETTA 16.3

15.0 (1)

AVERAGE 17.2 15.0

STANDARD DEVIATION 1.6

(1): INVALID DUE TO PRE-CRACK GROWTH > 0.55W

TABLE G27

FRACTURE TOUGHNESS RESULTS FOR

IN905XL FORGING

COMPANY ORIENTATION KIC Kq COMMENT
(KSI in^0.5) (KSI in^0.5)

MARTIN S-L 19.5 VALID

MARIETTA 19.1 (1)

23.8 (2)

AVERAGE 19.5 21.5

STANDARD DEVIATION 3.3

(1): INVALID DUE TO ASSYMETRIC CRACK GROWTH

(2): INVALID DUE TO PRE-CRACK GROWTH > 0.55W
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TABLE G28

FRACTURE TOUGHNESS RESULTS FOR

IN905XL FORGING

COMPANY ORIENTATION KIC Kq COMMENT
(KSI in^0.5) (KSI in^0.5)

GENERAL L-T 32.4 (1),(2)
DYNAMICS 35.1 (1),(2)

AVERAGE 33.8

STANDARD DEVIATION 1.9

(1): SPECIMEN THICKNESS LESS THAN REQUIRED FOR VALIDITY

(2): HEAT TREATED TO THE FOLLOWING SCHEDULE:

STEP 1 - 850F FOR 2 HRS

STEP 2 - 665F FOR 2 HRS

STEP 3 - WARM WATER QUENCH
STEP 4 - 230F FOR 24 HRS

TABLE G29

FRACTURE TOUGHNESS RESULTS FOR

IN905XL FORGING

COMPANY ORIENTATION KIC Kq COMMENT
(KSI in^0.5) (KSI in^0.5)

GENERAL T-L 29.8 (1),(2)

DYNAMICS 30.7 (1),(2)

AVERAGE 30.3

STANDARD DEVIATION 0.6

(I): SPECIMEN THICKNESS LESS THAN REQUIRED FOR VALIDITY

(2): HEAT TREATED TO THE FOLLOWING SCHEDULE:

STEP 1 - 850F FOR 2 HRS

STEP 2 - 665F FOR 2 HRS

STEP 3 - WARM WATER QUENCH
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TABLE G30

FATIGUE RESULTS WITH R=0.1 AND Kt=1.0 FOR

IN905XL FORGING

COMPANY ORIENTATION STRESS CYCLES

(KSI)

SIKORSKY LONG 70.0 3,000 #
70.0 7,000

60.0 16,000 &
60.0 11,000

50.0 42,000

50.0 10,000,000 *

45.0 10,000,000 *

40.0 10,000,000 *

(*): INDICATES A RUNOUT TEST

(#): INDICATES THAT SPECIMEN WAS PREVIOUSLY TESTED TO RUNOUT @ 40 KSI
(!): INDICATES THAT SPECIMEN WAS PREVIOUSLY TESTED TO RUNOUT @ 50 KSI

(&): INDICATES THAT SPECIMEN WAS PREVIOUSLY TESTED TO RUNOUT @ 45 KSI
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TABLE G31

FATIGUE RESULTS WITH R=0.1 AND Kt=1.O FOR

IN905XL FORGING

COMPANY ORIENTATION STRESS CYCLES
(KSI)

SIKORSKY L TRANS 60.0 19,000 #
50.0 10,000,000 *

(*): INDICATES A RUNOUT TEST
(#): INDICATES THAT SPECIMEN WAS PREVIOUSLY TESTED TO RUNOUT @ 50 KSI
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TABLE G32

FATIGUE RESULTS WITH R=0.1 AND Kt=1.O FOR

IN905XL FORGING

COMPANY ORIENTATION STRESS CYCLES

(KSI)

SIKORSKY S TRANS 70.0 1,000 #
60.0 23,000

50.0 10,000,000 *

(*): INDICATES A RUNOUT TEST

(#): INDICATES THAT SPECIMEN WAS PREVIOUSLY TESTED TO RUNOUT @ 50 KSI
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TABLE G323

FATIGUE RESULTS WITH R=-1.0 AND Kt=1.O FOR

IN905XL FORGING

COMPANY ORIENTATION STRESS CYCLES

(KSI)

SIKORSKY LONG 35.0 61,200



TABLE G34

FATIGUE RESULTS WITH R=-1.0 AND Kt=1.0 FOR

IN905XL FORGING

COMPANY ORIENTATION STRESS CYCLES
(KSI)

SIKORSKY L TRANS 60.0 1,000 #
50.0 2,000

45.0 12,500

45.0 12,000 &
40.0 32,500

35.0 10,000,000 *

30.0 10,000,000 *

20.0 10,000,000 *

(*): INDICATES A RUNOUT TEST

(#): INDICATES THAT SPECIMEN WAS PREVIOUSLY TESTED TO RUNOUT @ 30 KSI

(!): INDICATES THAT SPECIMEN WAS PREVIOUSLY TESTED TO RUNOUT @ 20 KSI

(&): INDICATES THAT SPECIMEN WAS PREVIOUSLY TESTED TO RUNOUT @ 35 KSI

14
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TABLE G35

FATIGUE RESULTS WITH R=0.1 AND Kt=3.07 FOR

IN905XL FORGING

COMPANY ORIENTATION STRESS CYCLES

(KSI)

SIKORSKY LONG 40.0 2,400 #
30.0 17,000 #
20.0 57,000

15.0 96,000
10.0 10,000,000 *

10.0 10,000,000 *

(*): INDICATES A RUNOUT TEST
(#): INDICATES THAT SPECIMEN WAS PREVIOUSLY TESTED TO RUNOUT @ 10 KSI
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TABLE G36

FATIGUE RESULTS WITH R=0.1 AND Kt=3.07 FOR

IN905XL FORGING

COMPANY ORIENTATION STRESS CYCLES

(KSI)

SIKORSKY L TRANS 30.0 10,000 #
15.0 187,400

10.0 10,000,000 *

(*): INDICATES A RUNOUT TEST

(#): INDICATES THAT SPECIMEN WAS PREVIOUSLY TESTED TO RUNOUT @ 10 KSI
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TABLE G37

FATIGUE RESULTS WITH R=0.1 AND Kt=3.07 FOR

IN905XL FORGING

COMPANY ORIENTATION STRESS CYCLES

(KSI)

---------------------------------------------------------------------------

SIKORSKY S TRANS 30.0 16,000 #

20.0 213,400
15.0 10,000,000 *

(*): INDICATES A RUNOUT TEST
(#): INDICATES THAT SPECIMEN WAS PREVIOUSLY TESTED TO RUNOUT @ 15 KSI
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TABLE G38

FATIGUE RESULTS WITH R=-1.0 AND Kt=3.07 FOR

IN905XL FORGING

COMPANY ORIENTATION STRESS CYCLES

(KSI)

SIKORSKY LONG 20.0 14,000

15.0 67,000

(*): INDICATES A RUNOUT TEST
(#): INDICATES THAT SPECIMEN WAS PREVIOUSLY TESTED TO RUNOUT @ 15 KSI
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TABLE G39

FATIGUE RESULTS WITH R=-1.0O AND Kt=3.O7 FOR

IN905XL FORGING

COMPANY ORIENTATION STRESS CYCLFS

(KSI)

SIKORSKY L TRANS 30.0 4,000

15.0 50,000
12.5 112,400

10.0 10,000,000*

(*: INDICATES A RUNOUT TEST

(#: INDICATES THAT SPECIMEN WAS PREVIOUSLY TESTED TO RUNOUT @ 10 KSI



10 - 4  FATIGUE CRACK GROWTH RATES
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Figure G6 Tatigue Crack Growth Rate Data for IN905XL Forging

(L-T Orientation, KGRAD -2.On and 2.00). Northrop.
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TABLE G40

Fatigue Crack Growth Data Associated With
Figure G6 (Specimen FBLI)

AUTOMATED FAT I GUE CRACK
GRDWTH RQATE ANALYS I S

Specimen Id. F8Ll Geometry C(T)
Contract # 95874 Orientation L-T
Material IN905XL FG Yield (ksi) 55.5
Temperature (F) 72 Modulus 10.8
Environment 95% H.A.

Specimen Dimensions (in)

Thickness 0.248 Notch depth 0.267
Width 1.497 Gage length 1.000
Height 0.900 Alpha ratio 1.250

Precrack Parameters

Pmax (ibs) 500.0 Stress ,-atlo (R) 0.10
Final a (in) 0.305 Kmax 7.12

Test Parameters

Initial a (In) 0.300 Initial K 7.20
K-gradient -2.00 Stress ratio (R) 0.10

K Coeff EvB/P Coeff Analysis Codes
0.886000 1.000980 KRP I 2
4.640000 -4.669510

-13.320000 18.460100
14.720000 -236.824997
-5.600000 1214.880000
0.000000 -2143.570100

Visual Observations

EvB/P Crack (EvB/P) Crack (visual) Error CAF
17.92 0.296 0.307 0.010 0.981
30.10 0.518 0.517 -.001 0.979
48.79 0.701 0.696 -.004 0.978
58.12 0.761 0.750 -.011 0.978

238.74 1.114 1.115 0.002 0.975
282.16 1.142 1.145 0.003 0.975

Comments

Date of test: 01-18-1988
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TABLE C40 (Continued)

!,o. im.f I U. FOL I

Pmax E68/P & N A8 &N &a/AN 6fi CCL Axeff(Ibs) (fn) (XI) (in) (XI) (In/cyc) (ksl~ln) (ksl41n)

18.14 0.3019 3521
480 18.32 0.3064 4604 0.0090 2266 3.952E-06 6.17 .176 5.65472 18.50 0.3109 5787 0.0093 2418 3.663E-06 6.12 .176 5.60464 18.70 0.3157 7021 0.0090 2364 3.807E-06 6.07 .175 5.56455 18.88 0.3199 8152 0.0086 2363 3.643E-06 6.0) .176 5.50448 19.06 0.3243 9384 0.0092 2569 3.569E-06 5.96 .175 5.46440 19.27 0.3290 10720 0.0092 2668 3.433E-06 5.91 .176 5.41432 19.46 0.3335 12052 0.0092 2766 3.321E-06 5.85 .176 5.36425 19.67 0.3382 13486 0.0090 2767 3.247E-06 5.80 .175 5.32417 19.86 0.3425 14819 0.0087 2815 3.105E-06 5.75 .176 5.26
410 20.06 0.3470 16301 0.0093 3108 2.996E-06 5.70 .176 5.22403 20.28 0.35i8 17928 0.0090 3078 2.917E-06 5.65 .176 5.17396 20.47 0.3559 19378 0.0088 3076 2.864E-06 5.60 .176 5.13389 20.9 0.3606 21003 0.0093 3345 2.776E-06 5.55 .175 5.09383 20.91 0.3652 22723 0.0090 3376 2.663E-06 5.50 .176 5.04376 21.12 0.3696 24379 0.0088 3383 2.604E-06 5.45 .176 4.99370 21.34 0.3740 26105 0.0089 3526 2.532E-06 5.40 .176 4.95364 21.56 0.3785 27906 0.0091 3742 2.431E-06 5.36 .175 4.91358 21.79 0.3831 29847 0.0092 3882 2.372E-06 5.31 .175 4.87352 22.02 0.3877 31788 0.0087 3809 2.296E-06 5.26 .176 4.82346 22.24 0.3919 33656 0.0088 3927 2.249E-06 5.21 .184 4.73340 22.48 0.3965 35715 0.0091 4121 2.213E-06 5.17 .188 4.66334 22.71 0.4010 37777 0.0089 4216 2.109E-06 5.12 .195 4.58
329 22.95 0.4054 39930 0.0089 4375 2.040E-06 5.08 .196 4.53323 23.19 0.4099 42153 O.0091 4571 1.996E-06 5.03 .203 4.46318 23.45 0.4145 44501 0.0091 4661 1.947E-06 4.99 .206 4.40312 23.69 0.4190 46814 0.0087 4627 1.887E-06 4.94 .206 4.36307 23.94 0.4233 49128 0.0088 4814 1.828E-06 4.90 .213 4.29302 24.19 0.4278 51628 0.0092 5088 1.803E-06 4.86 .210 4.26297 24.46 0,4324 54216 0.0091 5175 1.751E-06 4.81 .211 4.22292 24.72 0.4369 56803 0.0090 5354 1.686E-06 4.77 .217 4.15287 24.99 0.4415 59570 0.0091 5490 1.655E-06 4.73 .216 4.12283 25.26 0.4459 62292 0.0089 5550 1.605E-06 4.69 .218 4.07278 25.53 0.4504 65120 0.0091 5879 1.540E-06 4.64 .220 4.02273 25.82 0.4550 68171 0.0090 5988 1.5100-06 4.60 .224 3.97269 26.09 0.4594 71108 0.0089 5989 1.494E-06 4.56 .231 3.90264 26.38 0.4639 74160 0.0090 6213 1.454E-06 4.52 .232 3.86260 26.67 0.4685 77321 0.0090 6434 1.4042-06 4.48 .233 3.82256 26.96 0.4730 80594 0.0089 6544 1.357E-06 4.44 .235 3.77251 27.25 0.4773 83865 0.0087 6544 1.334E-06 4.40 .239 3,72247 27.54 0.4817 87138 0.0088 6766 1.305E-06 4.36 .242 3.68243 27.84 0.4862 90631 0.0093 7255 1.279E-06 4.32 .246 3.62239 28.17 0.4910 94393 0.0093 7420 1.249E-06 4.29 .248 3.58235 28.48 0.4954 98051 0.0089 7315 1.211E-06 4.25 .254 3.52231 28.79 0.4998 101708 0.0089 7444 1.197E-06 4.21 .252 3.50227 29.11 0.5043 105495 0.0090 7713 1.172[-06 4.17 .258 3.44224 29.44 0.5089 109421 0.0090 7990 1.131E-06 4.13 .264 3.38220 29.77 0.5134 113485 0.0089 8075 1.1000-06 4.10 .267 3.34216 30.10 0.5178 117496 0.0090 8715 1.027F-06 4.06 .272 3.28
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TABLE C40 (Contiaued)

Specimn Id. FOLI

P vx C4e/P a N M AM "I/AN AK CCL AKeff
(lbs) (In) (XI) (In) (XI) (In/cyc) (ksl1n) (ksl41n)

213 30.44 0.5223 122201 0.0090 9420 9.573E-07 4.02 .272 3.26
209 30.70 0.5268 126916 0.0088 9240 9.535E-07 3.99 .270 3.24
206 31.12 0.5311 131441 0.0090 9306 9.617E-07 3.95 .274 3.19
202 31.49 0.5356 136302 0.0093 96 9.423E-07 3.92 .276 3.15
199 31.86 0.5405 141328 0.0092 10047 9.159E-07 3.88 .281 3.10
1% 32.22 0.5450 146349 0.0090 10044 8.929E-07 3.85 .284 3.06
192 32.59 0.5494 151372 0.0087 10223 8.306E-07 3.81 .289 3.01
189 32.94 0.5537 156572 0.0091 10779 8.421E-07 3.70 .292 2.97
186 33.35 0.5585 162151 0.0094 11412 0.246E-07 3.74 .295 2.93
123 33.74 0.5631 167964 0.9088 11455 7.716E-07 3.71 .300 2.89
180 34.11 0.5673 173606 0.0087 11656 7.437E-07 3.68 .305 2.84
177 34.50 0.5716 179640 0.0090 12535 7.213E-07 3.65 .306 2.81
174 34.91 0.5764 186141 0.0091 13078 6.95it-07 3.61 .314 2.76
171 35.31 0.5809 192717 0.0090 13416 6.717E-07 3.S8 .314 2.73
168 35.73 0.5854 199551 0.0090 13944 6.451E-07 3.55 .320 2.68
165 36.15 0.5899 206661 0.0090 14469 6.21K3-07 3.52 .329 2.62
163 36.58 0.5944 214026 0.0090 14725 6.144E-07 3.49 .324 2.62
160 37.01 9.5"99 221386 0.0089 14977 S.9411-07 3.45 .327 2.58
157 37.44 0.6033 229003 0.0089 155JD1 5.739E-07 3.42 .320 2.59
155 37.88 0.6078 236887 0.0090 16029 5.617E-07 3.39 .321 2.56
152 38.33 0.6123 245023 0.0091 26333 5.488-07 3.36 .325 2.52
149 38.80 0.6169 253442 1.0091 31358 5.301E-07 3.33 .341 2.44
141 39.27 0.6214 262181 0.009, 31 5.039E-07 3.30 .344 2.41
144 39.74 0.6259 271239 0.0091 10443 4.911E-07 3.27 .348 2.37
142 40.23 0.6304 280623 0.0091 19084 4.746E-07 3.24 .353 2.33
140 40.71 0.6349 290323 0.0090 19716 4.557E-07 3.21 .355 2.30
137 41.21 0.6394 300339 0.0091 20457 4.428-07 3.19 .361 2.26
135 41.72 0.6440 310780 0.0092 21774 4.2JIO-07 3.16 .360 2.24
132 42.24 0.6486 322113 0.0092 23086 3.90E-07 3.13 .373 2.1
130 42.77 0.6532 333866 0.0089 23479 3.82.E-07 3.10 .368 2.18
128 43.28 0.6575 345592 0.0089 24671 3.591[-07 3.07 .387 2.09
126 43.02 0.6620 358535 0.000 26307 3.419E-07 3.04 .396 2.04
124 44.36 0.6665 371899 0.0089 27349 3.272E-07 3.02 .401 2.01
121 44.91 0.6710 385884 0.0090 28957 3.091E-07 2.99 .395 2.01
119 45.47 0.6755 400856 0.0090 31437 2.862E-07 2.96 .404 1.96
117 46.05 0.6800 41732 f0.0090 34774 2.600E-07 2.94 .411 1.92
115 46.63 0.6845 435631 0.0090 39425 2.281E-67 2.91 .424 2.86
113 47.22 0.6800 456746 0.0094 59339 J.3992E-07 2.88 .437 1.80

47.88 0.6940 494969
49.77 0.7076 1233705

103 50.17 0.7104 1382902 0.0087 3389%6 2.552E-08 2.76 .493 1.55
102 52.02 0.7162 1572671 0.0098 485317 2.013E-08 2.74 .455 1.66
100 51.60 0.7202 1868219 0.0084 565011 1.494E-08 2.71 .456 1.64
9 52.28 0.7247 2137682 0.0092 55999 1.647E-08 2.69 .453 1.63
96 53.00 0.7294 2428128 0.0098 608915 1.617E-08 2.66 .436 1.67
95 53.80 0.7345 2746597 0.0092 624273 1.47SE-08 2.64 .454 1.60
93 54.46 0.7386 3052391 0.0088 622384 1.413E-08 2.61 .459 1.57
91 55.21 0.7433 3368982 0.0086 737235 1.164E-08 2.59 .474 1.51
9 55.05 0.7472 378626 0.0087 818376 1.06E-O8 2.57 .482 1.48

SPecImen Id. FLl Page 3

Pm, B(4 /P a N ALS AN L a/ N X CCL Aieff
(Ibs) (in) (Xl) Oin) (Xl) (On/cyc l (k$|41n) lkltJtn)

88 56.67 0.7521 4187357 0.0093 726097 1.280E-08 2.54 .477 1.48
57.42 0.7565 4515723
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TABLE C41

Fatigue Crack Crowth Data Associated
with rigure C6 (qpecimen r1S,-A)

AUTOMATED FAT I GUE CRACK
C3ROb.ITH RATE ANALYS I S

Specimen Id. FSLI-A Geometry C(T)
Contract # 95874 Orientation L-T
Material IN905XL FG Yield (ksi) 55.5
Temperature (F) 72 Modulus 10.8
Environment 95% H.A.

Specimen Dimensions (in)

Thickness 0.248 Notch depth 0.267
Width 1.497 Gage length 1.000
Height 0.900 Alpha ratio 1.250

Precrack Parameters

Pmax (lbs) 500.0 Stress ratio (R) 0.10
Final a (in) 0.305 Knox 7.12

Test Parameters

Initial a (In) 0.765 Initial K 4.40
K-gradient 2.00 Stress ratio (R) 0.10

K Coeff EvB/P Coeff Analysis Codes
0.886000 1.000980 KRP 1 2
4.640000 -4.669510

-13.320000 18.460100
14.720000 -236.824997
-5.600000 1214.880000
0.000000 -2143.570100

Visual Observations

EvB/P Crack (EvB/P) Crack (visual) Error CAF
17.92 0.296 0.307 0.010 0.981
30.10 0.518 0.517 -.001 0.979
48.79 0.701 0.696 -.004 0.978
58.12 0.761 0.750 -.011 0.978
238.74 1.114 I.II5 0.002 0.975
282.16 1.142 1.145 0.003 0.975

Comwent s

Date of Test: 01-18-1988
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TABLE C41 (Continued)

Speclmen Id. FSLI-A 
Page I

Pweax E608P a N 6a LN L/LN LK CCL Lef F[tb) {n) (XI) (in) (XI) (In/cyc) (kswi1ni k1

59.30 0.7672 6571133 60.14 0.7718 11976 0.0093 10509 8.8656-07 4.91 .272 3.25
133 61.01 0.7765 17080 0.0091 9886 9.246-07 4.05 .269 3.29133 61.85 0.7809 2)862 0.0088 9331 9.461E-07 4.08 .268 3.32133 62.69 0,7853 26411 0.0088 8972 9.862E-07 4.12 .271 3.33133 63.57 0.7898 30833 0.0089 8721 1.026E-06 4.16 .267 3.38133 64.46 0.7943 35132 0.0091 861I 1.056E-06 4.19 .269 3.41133 65.40 0.7989 39445 0.0092 8460 1.0836E-06 4.23 .267 3.132 66.35 0.8034 43592 0.0090 8149 1.1066-06 4.27 .273 3.45132 67.29 0.8079 47594 0.0092 8012 1.144E-06 4.31 .272 3.48132 68.31 0.8126 51604 0.0093 7825 1.186E-06 4.35 .274 3.50132 69.32 0.8172 55419 0.0092 7615 1.2136-06 4.39 .273 3.54132 70.37 0.8218 59219 0.0092 7440 1.240E-06 4.43 .276 3.56
132 71.43 0.8264 62858 0.0090 7107 1.267E-06 4.47 .214 3.6013 72.47 0.8308 66326 0.0090 6922 1.293E-06 4.5) .279 3.60131 73.55 0.8353 69780 0.0091 6786 l.3352.06 4.55 .272 3.61131 74.67 0.8399 73112 0.0090 657 1.379-06 4.59 .325 3.44131 75.78 0.8443 76307 0.0089 6425 1.386E-06 4.63 .335 3.42130 76.92 0.8488 79537 0.0091 6428 1.4136-06 4.67 .328 3.49130 78.12 0.8534 82726 0.0091 6302 1.436E-06 4.1 .323 3.54130 79.31 0.8578 85838 0.0090 6220 1.4536E-O 4.75 .325 3.51130 80.56 0.8624 88946 0.0091 6027 1.5076-06 4.80 .325 3.60129 81.81 0.8669 91865 0.0092 5829 3.5726-06 4.84 .329 3.61129 83.14 0.8716 94775 0.0094 5827 1.624(-06 4.88 .329 3.68129 84.53 0.8764 97682 0.0092 5538 1.664E-06 4.93 .321 3.68128 85.86 0.8808 100312 0.0086 5121 1.684E-06 4.97 .325 3.13
I28 87.14 0.8850 102803 0.0085 4951 1.7196-06 5.02 .325 3.78128 88.49 0.8893 105263 0.0090 5027 1.7936-06 5.06 .33 3.7e1Q7 89.98 0.8940 107830 0.0096 5245 1.8276-06 5.06 .323 3.84127 91.58 0.8989 110508 0.0095 5)33 1.8546-06 5,15 .306 3 98127 93.3 0.9035 112963 0.009 4688 1.933E-06 5.20 .314 3.%126 94.65 0.9080 3151 0.0087 4355 1.990E-06 5.25 .303 4.06
126 96.13 0.9122 117318 0.0085 42)7 2.0216-06 5.29 .322 3.99125 97.68 0.9165 119414 0.0090 4317 2.0536-06 5.34 .304 4.13125 99.39 0.9212 121689 0.0094 435 2.304-06 5.39 .309 4.141Z5 101.18 0.9259 123871 0.0094 491 2.231-06 5.44 .303 4.21124 102.98 0.9305 125880 0.0087 3907 2.2386-06 5.48 .308 4.21124 104.60 0.9346 127779 0.0086 3799 2.257E-06 5.53 .308 4.25123 106.42 0.9391 129680 0.0091 3803 2.400-06 5.58 .291 4.40323 108.35 0.9431 131581 0.00D92 3730 2.4606-06 5.63 .294 4.41122 10.29 0.9483 133410 0.0091 3589 2.5256-06 5.68 .314 4.33

122 tl2.27 0.9528 135)70 0.009) 3520 2.5986-06 5.73 .307 4.41
12) 114.36 0.9574 136930 0.0092 3380 2.719-06 5.79 .307 4.45121 16.47 0.9%20 138550 0.0089 3)73 2.814E-0 5.84 .30) 4.53120 (18.54 0.9664 140103 0.009, 3248 2.7926-06 5.89 .289 4.65119 120.83 0.9733 141798 0,0096 3312 2.894E-06 5.94 .294 4.66339 123.28 0.9159 14341 0.0093 3024 3.0606-06 6.00 .301 4.66
118 125.54 0.9803 344821 0.0086 2772 3.091[-06 6.05 .292 4.761)8 121.76 0.9845 146186 0.00a 2839 3.1066-06 6.3) .303 4.73
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TABLE C41 (Cont inled)

Speclmen Id. FOLI-A Page 2

PWAx (48/P a N An N a/AN AlK Ca. £eff
(Ibs) (in) (IM) (In) (Xl) (In/cyc) (kolln) (k$llnl

117 130.28 0.9891 147660 0.0093 2831 3.292E-06 6.16 .285 4.89
116 132.91 0.9938 149017 0.0090 2660 3.3950-06 6.21 .284 4.94
116 135.41 0.9982 1503Z0 0.0090 2617 3.426E-06 6.27 .280 5.02
115 138.15 1.0028 IS1634 0.0089 2510 3.541E-06 6.32 .294 4.96
115 140.75 1.0071 152831 0.0088 2388 3.696E-06 6.38 .286 5.06
114 143.61 1.0116 154022 0.0092 2381 3.847E-06 6.44 .279 5.16
113 146.58 1.0162 155211 0.0092 2324 3.945E-06 6.50 .278 5.21
113 149.63 1.0208 156346 0.0089 2210 4.005E-06 6.55 .267 5.34
112 152.56 1.0251 157422 0.0091 2189 4.177E-06 6.62 .274 5.34
I11 156.01 1.0299 158535 0.0097 2216 4.377[-06 6.67 .252 5.55
I10 159.54 1.0348 159637 0.0093 2106 4.417E-06 6.74 .240 5.63
110 162.92 1.0392 160641 0.0088 1954 4.529E-06 6.80 .263 5.57
109 166.32 1.0436 161591 0.0086 1834 4.678E-06 6.86 .262 5.63
108 169.69 1-0478 162475 0.0085 1749 4.834E-06 6.92 .262 5.67
107 173.21 i.0521 163340 0.0090 1817 4.971E-06 6.98 .268 5.67
107 177.29 1.0568 164293 0.0095 1861 5.104E-06 7.04 .242 5.93
106 181.46 1.0616 165201 0.0089 1665 5.341E-06 7.10 .239 6.00
105 185.26 1.0657 165957 0.0085 1556 5.494E-06 7.17 .274 5.78
104 189.38 1.0701 166756 0.0090 1599 5.611E-06 7.23 .260 5.94103 193.86 1.0747 167556 0.0089 1530 5.812E-06 7.29 .269 5.92
102 198.18 1.0790 168287 0.0090 1532 5.884E-06 7.36 .273 5.94
101 203.10 1.0837 169088 0.0098 1602 6.092E-06 7.43 .266 6.06
101 208.55 1.0888 169889 0.0099 1566 6.309E-06 7.50 .250 6.24
100 213.99 1.0936 170654 0.0097 1459 6.626E-06 7.57 .248 6.32
99 219.64 1.0984 171348 0.0087 1309 6.679E-06 7.63 .247 6.38
98 224.37 1.1023 171963 0.0083 1210 6.849E-06 7.70 .243 6.48
97 229.84 1.1067 172558 0.0089 1232 7.236E-06 7.77 .214 6.78% 235.73 I.III3 173195 0.0094 1289 7.313E-06 7.84 .233 6.60
95 242.32 1.1161 173846 0.0095 1248 7.6220-06 7.91 .241 6.67
94 248.81 1.1208 174442 0.0089 1185 7.496E-06 7.98 .220 6.92
93 255.02 I.250 175031 0.0093 1201 7.716E-06 6.06 .239 6.82
92 262.62 1.1300 175643 0.0089 1139 7.8570-06 8.12 .215 7.08

268.83 1.1340 176170
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Figure c.7 Fatigue Crack Growth Rate Data for IN905XL Forging

(L-T Orientation, KCARAD -4.00 and 4.00). Northrop.
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TABLE C42

Fatiguc Crack Growth Data Associated
with 7P'ure G7 (Specimen F8L2)

AUrOMA-r-ED FATIGUE CRAcK
G OWTH RATE ANALYS I S

Specimen Id. F8L2 Geometry C(T)Contract 95874 Orientation L-TMaterial IN9OSxL FRG Yield (ksl) 55.7Temperature IF) 72 Modulus 1.0
Environment HUMID AIR

Specimen Dimensions (in)

Thickness 0.250 Notch depth 0.272Width 1.495 Gage length 1.000
Height 0.900 Alpha ratio 1.250

Precrack Parameters

Pmax (lbs) 284.0 Stress ratio (R) 0.10Final a (in) 0.604 Kx 6.83

Test Parameters

Initial a (in) 0.598 initial K 7.00K-gradient -4.00 Stress ratio (R) 0.10

K Coeff EvB/P Coeff Analysis Codes
0.8860no 1.000980 KPP 1 0
4.640000 -4.669510

-13.320000 18.460100
14.720000 -236.824997
-5.600000 1214.880000
0.000000 -2143.570100

Visual Observations

EvB/P Crack (Eva/P) Crack (viSual) Error CAF36.94 0.584 0.582 -.002 0.945108.35 0.939 0.941 0.002 0.961274.20 1.135 1.138 0.003 0.971352.86 1.175 1.174 -.00! 0.973395.73 1.192 1.190 -.002 0.974

Commvnent s

O)3te of test! 04-11-1988
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TABLE 042 (Continued)

SpecImen Id. F8L2

Pmax 6
'8/P a N a AN Aa/AN AK

(Ibs) (in) (XI) (in) (XI) (In/CyC) (kS1.'In)

36.86 0.5833 155875
275 37.36 0.5886 157655 0.0092 3388 2.715E-06 5.79267 37.74 0.5925 159263 0.0086 3457 2.493E-06 5,68261 38.20 0.5972 161111 0.0094 3620 2.596E-06 5.59254 38.65 0.6019 162883 0.0093 3555 2.610E-06 5.49248 39.12 0.6065 164666 0.0093 3719 2.511E-06 5.39241 39.60 0.6112 166601 0.0093 3874 2.391E-06 5.30235 40.06 0.6157 168540 0.0091 3959 2.301E-06 5.20229 40.54 0.6203 170561 0.0093 4199 2.213E-06 5.11223 41.04 0.6250 172739 0.0094 4434 2.121E-06 5.02217 41.55 0.6297 174995 0.0094 4595 2.037E-06 4.93212 42.06 0.6344 177334 0.0092 4734 1.952E-06 4.85206 42.57 0.6390 179729 0.0093 4942 1.874E-06 4.76201 43.11 0.6437 182276 0.0094 5188 l.808F-06 4,68196 43.65 0.6483 184917 0.0093 5402 1.727606 4.59191 44.19 0.653C 187678 0.0094 5712 1.6466-06 4.51186 44.76 0.6577 190629 0.0094 5933 1.5786-06 4.43183 45.31 0.6623 193610 0.0091 6090 1.499E-06 4.35176 45.87 0.6669 196718 0.0091 6341 1.430E-06 4.28172 46.44 0.6714 199952 0.0092 6740 1.364E-06 4.20167 47.03 0.6761 203459 0.0094 7264 1.3001-06 4.J3163 47.65 0.6809 207216 0.0094 7519 ,247E-C6 4.06158 48.25 0.6854 210978 0.0093 7782 1.90E-06 3.99154 48.87 0.6901 214998 0.0093 8149 .1406-06 3.9i150 49.50 0.6947 219127 0.0091 8345 t,0916-06 3.8414G 50.12 0-6992 223342 0.0091 8738 1.042E-06 3.78142 50.77 0.7038 227864 0.0093 9313 9.9506-07 3.11139 51.44 0.7085 232655 0.0094 9877 9.512E-07 3.64135 52.13 0.7132 237742 0.0095 ]0589 8.963E-07 3.58131 52.83 0.7180 243244 0.0094 11174 8.371E-07 3.52128 53.53 0.7226 248915 0.0092 11358 8.104E-07 3.45124 54.23 0.7272 254602 0.0092 11369 8.0836-07 3.39121 54.95 0.7318 260284 0.0093 11808 7.887E-07 3.32;18 -;.70 0.7365 266410 0.0093 12443 7.510E-D7 3.27115 56.46 0.7411 272726 0.0092 J2857 7,123E-07 3.22III 57.20 0.7457 279267 0.0094 13852 6,753E-07 3.16108 58.01 0.7505 286579 0.0094 1468! 6.422E-07 3.10106 58.81 0.7551 293947 0.0091 14749 6.159E-07 3.05103 59.59 0.7596 301328 0.0090 15305 5.9076-07 3.00100 60.40 0.7641 309252 0.0093 16428 5.635E-07 2.q497 61.25 0.7688 317756 0.0094 17426 5,372E-07 2.8 "95 62.12 0.7735 326678 0.0094 18253 5,136E-07 2.8492 63.00 0.7782 336009 0.0094 19055 4.928E-07 2.7989 63.90 0.7829 345733 0.0092 19534 4.7186-07 2.7487 64.79 0.7874 355543 0.0091 2063 4.412E-07 2.6985 65.1t 0.7920 366395 0.0092 24889 3.710E-07 2.(482 66.66 0.7966 38C432 0.0094 27924 3.34qE- 0 7 2.6080 67.64 0.8013 394319 0.009l 25733 3.536E07 2.5
78 68.57 0.8057 40t,164 0.0093 24495 3.780E-07 2.5176 69.62 0.8106 418814 0.0095 26206 3.6406-07 2.4673 70.66 0.8153 432370 0.0093 2761? 3.3826-07 2.4271 71.71 0.8199 446426 0.0094 29586 3.3886-07 2.3769 72.81 0.8247 461956 0.0094 31120 3,022E-07 2.3367 73.91 0.8293 477546 0.0092 32120 2.8606-07 2.2965 75.00 0.8339 494077 0.0091 33966 2.670E-07 2.2564 76.13 0.8384 513512 0.0092 36986 2.496E-07 2.2162 77.29 0.8431 531063 0.0095 40911 2.324E-07 2.1760 78.53 0.8479 552422 0.0093 43291 2.139E-07 2.1358 79.70 0.8524 574354 0.0090 46000 3.9626-07 2.3057 80.92 0.8569 598422 0.0094 50212 1.873E-07 2.0655 82.25 0.8618 624566 0.0090 5313 1.757E-07 2.02

83.42 0.8660 64Q'3K
87.75 0.8807 719974

4 88.9 " 0.814' 751678 0.009 70213 .' JU'E-07 1OS46 90.44 0.894 790187 0.Q00 8867? I.024-0 7 3.824 ni.07 0.9.3p 8423s0 0.002 9207 1,: 1607 3.7f
43 c3.44 0.8986 8

3
72(O 0.0094 104F.72 8.944[ -p I42 94.99 0.9032 947022 0.0096 2209o6 4.37--09 I41 96.'4 0.9082 1111166 0.0089 371906 2,3906-08 3.69

98.10 0.9121 1318929
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TABLE G43

Friltiue Crnck Croyth Tnata Associated
with Figurc G7 (Specimen F8L2-A)

AUTOMATED FAT I GUE CRAC<
GFRDWTH RATE ANALYS I E

Specimen Id. F8L2A Geometry C(T)Contract # 95874 Orientation L-TMaterial IN905XL FRG Yield (ksi) 0.0Temperature (F) 72 Modulus 11.0
Environment HUMID AIR

Specimen Dimensions (In)

Thickness 0.250 Notch depth 0.272Width ).495 Gage length 1.000Height 0.900 Alpha ratio 1.250

Precrack Parameters

Pmax (lbs) 284.0 Stress ratio (R) 0.10Final a (in) 0.604 Kmax 6.83

Test Parameters

Initial a (in) 0.940 Initial x 4.0DK-gradient 4.00 Stress ratio (R) 0.10

K Coeff EvS/P Coeff Analysis Codes
0.886000 1.000980 KRP 1 .0
4.640000 -4.669510

-13.320000 18.460100
14.720000 -236.824997
-5.600000 1214.880000
0.000000 -2143.570100

Visual Observations

EvB/P Crack (EvB/P) Crack (visual) Error CAF36.94 0.584 0.582 -. 002 0.945108.3S 0.939 0.941 0.002 0.961
274.20 1.135 1.138 0.003 0.971352.86 1.175 1.174 -. 001 0.973395.73 1.192 1.190 -. 002 0.974

Coevrent s

Date of test: 04-11-1988
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TABLE 043 (Continued)

SPecImen Id. FBL2A PagePma E 8/p o N a &N a/bN K(lbs) (In) (XI) (fn) ( Il) ( n/CYr:) ( B 4

1108.5 0.9447 505581 I12.88 0.9493 9364 0.0093 8599 1.087E-06 3.7882 114.95 0.9540 13654 0,0093 8418 1.109E-06 3.8582 117.09 0.9587 17782 0.0093 8113 1.1526-06 3.9282 119.28 0.9634 21767 0.0094 7784 1.204E-06 3.9983 121.55 0.9680 L5566 0.0093 7410 1.252E-06 4.0683 123.82 0.9726 29)77 o.0092 7090 1.3036-06 4.1483 126.20 0.9773 32657 0.0093 6793 1.363E-06 4.2184 128.61 0.9819 35970 0.0093 6499 1.432E-06 4.2984 131.15 0.9866 39156 0.0093 6183 I.506E-06 4.3784 133.71 0.9912 42153 0.0093 5907 I.5756-0
6  4.4585 136.39 0.9959 45063 0.0092 5574 1

.647E-06 4.5385 139.03 1.0004 47728 0.0092 5339 -7206-06 4.6185 141.88 1.0051 50402 0.0095 5257 3.7996-06 4.7086 144.85 1.0098 52985 0.0093 4942 1.8816E-0E 4.7686 147.77 1.0144 55344 0.0091 4604 1.975E-06 4.3186 150.79 1.0189 57589 0.0093 4487 2.080E-06 4.9686 154.06 1.0237 59831 0.0093 4Z65 2.1796-06 5.0586 157.24 1.0282 61854 0.0090 3919 2.3056-06 5.1587 160.52 1.0327 63750 0.0092 3802 2.428E-06 5.2487 164.06 1.0375 65656 0.0092 3631 2.5376-06 5.3387 167.55 1.0420 67381 0.0090 3346 2-692[-06 5.4387 71.15 1.0465 69002 0.0092 3227 2.84I6-09 5.5387 174.99 1.05l 70608 0.0094 3141 2.989E-06 5.6387 179.03 1.0559 72142 0.0093 2923 3.185E-06 5.7387 183.07 1.0604 73531 0.0090 2697 3.351E-06 5.84S8 187.14 1.0649 74839 0.0092 2626 3.516E-06 5.588 191.65 1.0697 76157 0.0094 2538 3.723E-06 6.0588 196.21 1.0743 77377 0.0092 2337 3.920E-06 6.1788 200.76 1.07P9 78494 0.0092 2218 4.1396-06 6.2888 205.66 1.0835 79595 0.0093 2141 4.367E-06 6.3988 210.73 .0882 80635 0.0089 1954 4.5726-06 6.5188 215.53 1.0925 81549 0.0088 1836 4.807E-06 6.6388 220.83 .0970 82471 0.0093 (825 5.0996-0 6.7588 226.57 1.018 83374 0.0093 1727 5.403E-06 6.F788 232.32 1.1063 84198 0.0093 1631 5.730C-06 7.0088 230.52 1.fil 85005 0.0095 1575 6.0146-06 7.3387 244.9) 1.1j9 85772 0.0092 1453 6.3166-06 7.2687 251.20 1.1203 86457 0.0090 1336 6.7426-06 7.3(87 257.85 .1248 87109 0.0090 1270 7.07CE-06 7.5287 Z64.58 1.1293 87727 0.0092 1231 7.5306-06 7.6687 272.21 1.134i 88340 0.0107 1241 8.644E-06 7.8287 282.02 1.1400 88968 0.0095 1038 9.117E-06 7.9586 288.17 1.1435 8037s 0.0077 907 8.492E-OS 8.3386 295.62 1.1477 89875 0.0089 1060 8.441E-0[ 8.2586 304.56 1.1525 90438 0.oo8 10692 8.9506-06 8.4086 314.33 1.1575 90 9 6 8 0.07 956 9.576E-o0 8.5585 322.70 1.1616 91394 0.066 690 9.56806-O 8.185 332.26 3.3663 91857 0.0094 930 1.009[-05 8.87



TABLE G43 (Continued)

Specimen Id. F8L2A Page 2

Pma E6s/p a N Sa LN ha/6N 6K

1lbs) (in) (XI) (In) (XI) (In/CyC) (kstlin)

85 343.10 1.1710 92324 0.0093 670 1.073E-05 9.02
84 353.46 1.1754 92727 0.0086 755 1.138E-05 9.19
84 363.53 1.3795 93079 0.0087 735 1.183E-05 9.35
83 375.06 1.1841 93462 0.0094 789 1.196E-05 9.52
83 388.07 1.1890 93867 0.0088 754 1.170E-05 9.68
82 399.05 1.)929 94215 0.0096 776 1.236E-05 9.88
82 415.77 1.1986 94644 0.0095 721 1.320E-05 10.04
81 427.73 1.2024 94936 0.0081 598 1.361E-05 10.24
81 441.63 1.2067 95241 0.0093 640 1.451E-05 10.42
80 458.76 1.2117 95576 0.0095 631 1.510E-05 10.60
80 47t.04 1.2162 95872 0.0089 575 1.550E-05 10.80
79 49).69 1.2206 96151 0.0091 572 1.597E-05 11.00
78 510.67 1.2254 96444 0.0092 566 1.634E-05 11,19
78 529.66 1.2299 96717 0.0090 547 1.646E-05 11.40
77 549.75 1.2344 96991 0.0089 514 1.736E-05 11.60
76 570.50 1.2388 97231 0.0089 477 I.875E-05 11.81
75 593.02 1.2433 97468 0.0092 472 1.955E-05 32.03
75 6(7.76 1.2480 97703 0.009i 453 2.012E-05 12.24
74 642.45 I.25Z4 97922 0.0089 434 2.064E-05 12.47
73 669.23 1.2570 98136 0.0093 424 2.)94E-05 12.69
72 699.25 1.2617 98345 0.0092 401 2.281E-05 12.92
7) 728.17 1.2661 98537 0.0092 387 2.384E-05 33.17
70 763.20 1.2710 98733 0.0092 368 2.505E-05 13.40
69 796.41 1.2753 98905 0.0086 332 2.591E-05 13.64
68 830.77 1.2796 99065 0.0088 327 2.704E-05 33.88
67 870.49 1.2842 99233 0.0091 327 2.797E-05 14.13
66 9!2.36 1.2887 99391 0.0090 310 2.895E-05 14.38
65 956.35 1.2932 99543 0.0091 296 3.066E-05 34.64
64 %100,.41 3.2978 99687 0.0093 286 3.254E-05 14.01
63 %1058.9S 1.3025 99829 0,0093 272 3.411E-05 15.38
61 %3i335.30 1.3070 99959 0.0094 258 3.6326-05 35.47
60 %1179,04 3.3118 300087 0.0091 242 3.775E-05 15.74
59 %1241.47 3.3162 100200 0.0088 224 3.922E-05 16.03
58 %1310.45 1.3206 10031 0,0091 218 4.156E-05 16.32
56 %1388.40 1.3252 lOn419 O.0Oql 206 4.4206-05 16.60
55 %1470.10 1.3297 10051E 0.0090 194 4.656F-05 16.9
54 %1560.75 1.3343 100612 0.0096 191 5.0586-05 17.23
52 %1671.91 1.3393 100707 0.0098 178 5.495E-05 17.54
51 71785.06 1.3440 100791 0.0090 153 5.926E-05 37.87
49 %1899.62 1.3414 300n59 0.0088 131 6.700E-05 38.20
48 %2028.59 3.3528 100922 0.0089 )25 7.124E-05 18.51
46 %2171.32 1.3573 100985 0.0092 125 7.426E-05 38.85
45 %2340.17 1.3621 303046 0.0098 12 8.726E-05 19.20

%2539.35 1.3671 101097
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10 - 4  FATIGUE CRACK GROWTH RATES
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fligt;re (8 fatigue Crack Crowth Rate Data for INCOSYI Forging

(T-i Orientation, KCRAD -2.W) and 2.00). Northrop.



TABLE c44

Fatigue Crack Growth Data Associated

with Figure G8 (Specimen F8TI)

AUTOMATED FAT I GUE CRAGK
GROWTH RATE ANALYSIS

Specimen Id. F8TI Geometry C(T)

Contract # 95874 Orientation T-L
Material IN905 FG Yield (ksi) 54.6

Temperature IF) 72 Modulus 10.8
Environment HUMID AIR

Specimen Dimensions (in)

Thickness 0.250 Notch depth 0.262
Width 1.497 Gage length 1.000
Height 0.900 Alpha ratio 1.250

Precrack Parameters

Pmax (ibs) 345.0 Stress ratio (R) 0.10
Final a (in) 0.318 Kma× 5.00

Test Parameters

Initial a (in) 0.260 Initial K 5.50
K-gradfent -2.00 Stress ratio (R) 0.10

K Coeff EvB/P Coeff Analysis Codes
0.886000 1.000980 KRP 1 2
4.640000 -4.669510

-13.320000 18.460100
14.720000 -236.824997
-5.600000 1214.880000
0.000000 -2143.570100

Visual Observations

EvB/P Crack (EvB/P) Crack (viSual) Error CAF
18.47 0.322 0.330 0.008 1.006
20.32 0.363 0.350 -.013 1.004
51.86 0.727 0.731 0.004 0.993
73.32 0.838 0.842 0.003 0.990
382.83 1.189 1.188 -.001 0.979

Cotmments

Date of test: 01-13-1988
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TABLE C44 (Continued)

Specimen Id. F8TI

Pmax E48/P a N A MN da/N 6K CCL AKeff(ibs) (In) (Xt) (in) (XI) (in/cyc) (ksidin) (kst ln)

18.75 0.3283 6769318 19.07 0.3358 11909 0.0149 10180 1.468E-06 4.29 .176 3.93309 19.40 0.3432 16948 0.0148 10099 1.466E-06 4.23 .176 3.87300 19.73 0.3506 22008 0.0150 10463 1.430E-06 4.J6 .176 3.81293 20.07 0.3582 27412 0.0151 10694 1.414E-06 4.10 .176 3.75283 20.43 0.3657 32702 0.0346 10866 1.347E-06 4.04 .176 3.69275 20.77 0,3728 38277 0.0145 12023 1.204E-06 3.97 .176 3.64267 21.13 0.3802 44725 0.0148 12894 1.149E-06 3.91 .176 3.58260 ZI.50 0.3876 51171 0.0146 12888 1.133-06 3.86 .175 3.54253 21.86 0.3948 57612 0,0146 13315 1.096E-06 3.80 .175 3.48246 22.25 0.4022 64485 0.0147 14021 1.052E-06 3.74 .175 3.43239 22.64 0.40% 71633 0.0148 14675 1.010E-06 3.68 .175 3.38232 23.04 0.4171 79160 0.0149 15326 9.7086-07 3.63 .175 3.33226 23.45 0.4245 86959 0.0148 15857 9.316E-07 3.57 .175 3.28219 23.87 0.4338 95017 0.0150 16664 8.9756-07 3.52 .175 3.23233 24.31 0.4394 103623 0.0149 17230 8.640E-07 3.47 .175 3.18207 24.74 0.4467 112247 0.0146 17578 8.283E-07 3.41 .175 3.13202 25.16 0.4540 121201 0.0347 18571 7.923E-07 3.36 .175 3.08196 25.64 0.4614 130817 0.0149 19558 7.609E-07 3.31 .175 3.04191 26.11 0.4689 140759 0.0145 19877 7.299E-07 3.26 .175 2.99386 26.57 0.4759 150695 0.0144 20546 6.994E-07 3.22 .175 2.95181 27.05 0.4832 161305 0.0148 22023 6.723E-07 3.17 .174 2.9!176 27.56 0.4907 172718 0.0150 23371 6.434E-07 3.12 .174 2.86171 28.08 0.4983 184676 0.0150 24326 6.:65E-07 3.07 .174 2.82166 28.60 0.5057 197044 0.0349 25135 5.9101-07 3.03 f74 2.78161 29.34 0.53 209633 0.0147 26053 5.646L-07 2.98 J74 2.74157 29.68 0.5204 223097 0.0348 27210 5.426E-07 2.94 .174 2.6953 30,24 0.5279 237021 0.0147 28357 5.1926-07 2.89 .174 2.65149 30.80 0.5352 251454 0.0147 29884 4.9056-07 2.85 .174 2.61145 31.38 0.5425 266904 0.0148 32078 4.607E-07 2.81 .174 2.58141 31.98 0.5500 283532 0.0149 33399 4.459E-07 2.76 .174 2.54137 32.60 0.5574 300304 0,0150 34136 4.387E-07 2.72 .374 2.50333 33.24 0.5649 317668 0.0147 35381 4.167E-07 2.68 .174 2.46329 33.87 0.5722 335685 0.0346 37305 3.923E-07 2.64 .174 2.42326 34.52 0.5796 354973 0.0148 39966 3.7086-07 2.60 .173 2.39322 35.20 0.5870 375650 0,014 42260 3.523E-07 2.56 .173 2.35119 35.89 0.5944 397233 0.0149 44733 3.329E-07 2.52 .173 2.32115 36.60 0.6019 420383 0.0148 47087 3.146E-07 2.49 .173 2.28112 37.33 0.6093 444321 0,0146 48696 3.007E-07 2.45 .173 2.25309 38.06 0.6165 469080 0.0146 51563 2.834E-07 2.41 .173 2.22106 38.81 0.6239 495884 '.0147 54803 2.6896-07 2.38 .173 2.18103 39.59 0.6313 523880 0.0350 5901 2,537E-07 2.34 .173 2.15300 40.42 0.6388 554894 0.0353 64252 2.344E-07 2.30 .33 2.1297 41.25 0.6463 588132 0.0149 68168 2,179f-07 2.27 .173 2.0995 42.09 0.6537 623062 0.0147 73604 1.992[-07 2.24 .173 2.0592 42.94 0.6610 661736 0.0146 82042 3,783E-07 2.20 .172 2.D389 43.82 0.66e) 705104 0.0148 916,8 J,635[-07 2.17 .173 1,9987 44.74 0.6758 753394 0.03SO 304514 1,432E-07 2.34 .197 1.9184 45.70 0.6833 80W7 0,01S3 129009 1.167E-07 2.33 .200 3.8782 46.68 0.6908 882403 0.0161 327470 4.908E-08 2.07 .205 1.8379 47.83 0.6994 137087 0.0147 509867 2879[-08 2.04 .235 3.7877 48.68 0.7055 1392?69 0.0142 33511 4.241E-08 2.03 .216 1.7549.82 0.7136 1472J99

5/



TABLE G45

!:ati7ue Crack Growth Data Associated
with Figure G8 (Specimen F8TI-A)

AUTOMATED FAT I GUE CRACK
GROWTH RATE ANAL YS I S

Specimen Id. F8TIA Geometry C(T)
Contract # 95874 Orientation T-L
Material IN905 FG Yield (ksl) 54.6
Temperature (F) 72 Modulus 10.8
Environment HUMID AIR

Specimen Dimensions (in)

Thickness 0.250 Notch depth 0.262
Width 1.497 Gage length 1.000
Height 0.900 Alpha ratio 1.250

Precrack Parameters

Pmnax (ibs) 345.0 Stress ratio (R) 0.10
Final a (In) 0.318 Kmnax 5.00

Test Parameters

Initial a (In) 0.725 Initial K 2.80
K-gradlent 2.00 Stress ratio (R) 0.10

K Coeff EvB/P Coeff Analysis Codes
0.886000 1.000980 KRP 1 2
4.640000 -4.669510

-13.320000 18.460100
14.720000 -236.824997
-5.600000 1214.880000
0.000000 -2143.570100

Visual Observations

EvB/P Crack (EvB/P) Crack (visual) Error CAF
18.47 0.322 0.330 0.008 1.006
20.32 0.363 0.350 -.013 1.004
51.86 0.727 0.731 0.004 0.993
73.32 0.838 0.842 0.003 0.990

382.83 1.189 1.188 -.001 0.979

Comments

Date of test: 01-13-1988
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TABLE G45 (Continued)

Pwax Ed8/P a N Aa 6N Aa/aN 6i< CCL hKeff(Ibs) (In) (Xl) (in) (Xl) (ln/Cc ) (ksfieln) (ksivin)

52.19 0.7295 6148
93 52.97 0.7345 24913 0.0126 42697 2.949E-07 2.57 .180 2.3593 54.17 0.7421 48845 0.0151 46117 3.277E-07 2.61 .173 2.4093 55.40 0.7496 71030 0.0149 43366 3.445E-07 2.65 .173 2.4393 56.65 0.7570 92212 0.0148 41420 3.577E-07 2.69 .173 2.4793 57.94 0.7645 112450 0.0150 39682 3.768E-07 2.73 .173 2.5193 59.29 0.772o 131893 0.0150 37739 3.%SE-07 2.77 .173 2.5493 60.67 0.7794 150189 0.0150 36062 4.151E-07 2.61 .172 2.5892 62.11 0.7870 167955 0.0151 34879 4.323E-07 2.85 .172 2.6292 63.59 0.7945 185068 0.0150 33146 4.515E-07 2.89 .172 2.6692 65.33 0.8019 201101 0.0151 31799 4.746E-07 2.94 .172 2.7092 66.72 0.8096 216867 0.0153 30924 4.954E-07 2.98 .173 2.7492 68.39 0.8172 232025 0.0151 29311 5.162E-07 3.03 .173 2.7892 70.07 0.8247 246178 0.0148 27376 5.409t-07 3.07 .173 2.8291 71.79 0.8331 259401 0.0147 25832 5,676E-07 3.!2 .173 2.8)91 73.55 0.8394 272010 0.0148 25267 5.849E-07 3.16 .172 2.9391 75.41 0.8468 284668 0.0151 24733 6.101-07 3.2 .172 2.9591 77.39 0.8545 296743 0.0153 23591 6.484E-07 3.26 .173 3.0290 79.45 0.8621 308259 0.0150 21937 6.824E-07 3.31 .173 3.0490 81.48 0.8694 318679 0.0145 20137 7.196E-07 3.36 .173 3.0390 83.55 0.8766 328396 0.0149 19755 7.554E-07 3.4 .173 3.)389 85.87 0.8844 338434 0.0151 19251 7.861E-07 3.46 .174 3.1789 88.17 0.8918 347647 0.0148 17999 8.1980-07 3.51 .173 3.2388 90.55 0.8991 356433 0.0150 17582 8.548E-07 3.56 .173 3.2788 93.13 0.9068 365229 0.0153 17171 8.910E-07 3.62 .174 3.3288 95.80 0.9344 373603 0.0153 16360 9.333E-07 3.67 .173 3.3787 98.58 0.9221 381589 0.0350 15463 9.715E-07 3.73 .174 3.4287 101.39 0.9294 389066 0.0147 14530 3.008E-06 3.78 .174 3.4786 304.26 0.9367 396320 0.0145 13768 3.0536-06 3.84 .174 3.5285 107.23 0.9439 402834 0.0147 33403 1.097E-06 3.89 .175 3.5785 110.44 0.9514 409528 0.0153 13389 1.141E-06 3.95 .175 3.6284 113.93 0.9592 416223 0.0155 13055 1.184E-06 4.03 .175 3.6884 117.53 0.9669 422583 0.0148 12078 3.228[-06 4.07 .175 3.7383 121.04 0.9740 428301 0.0146 11375 1,279(-06 4.13 .176 3.7882 124.83 0.9814 433959 0.0152 11321 1.339E-06 4.19 .175 3.8482 129.00 0.9892 439622 0.0151 10786 3.3980-06 4.25 175 3.9081 133.10 0.9965 444745 0.0148 10129 .4576-06 4.32 .174 3.9680 137.49 1.0039 449751 0.0149 9720 1.530E-06 4.38 .175 4.0279 142.07 1.0114 454465 0.0148 9236 1.602E-06 4.45 .175 4.0879 146.85 1.0187 458986 0.0150 9053 3,6626-06 4.51 .375 4.1478 152.08 1.0264 463516 0,0152 8846 1.724[-06 4.58 .175 4.2077 157.51 1.0340 467832 0.0151 8407 1.792E-06 4.65 .175 4.2676 163.17 1.0415 471923 0.0148 7951 1.867E-06 4.72 .175 4.3275 169.02 3.0488 475783 0.0151 769a 1-956t-06 4.79 .75 4.3974 175.48 3.0565 479621 0.0154 7503 2,056E-06 4.86 .177 4.4473 182.33 3.0643 483286 0.0150 6981 2.153[-06 4.93 -J75 4.5272 189.18 1.0716 46k602 0.0144 6420 2.243E-06 5.01 .176 4.5871 196.19 30787 489705 0.0148 6311 2,347f-0 5.08 .375 4.6670 204.28 1.0864 492913 0.0154 623 2.466E-06 5.36 .177 4.7169 212.86 1.0941 495968 0.0150 5836 2.564E-06 5,23 .178 4.7868 221.40 3.1013 498749 0.0149 5555 2.674E-06 5.31 .179 4.e467 230.q3 3.3089 501523 0.0152 5423 2.794E-06 5.39 .382 4.9066 240.98 1.1165 504172 0.0150 5133 2.930[-06 5.47 .178 4.9965 253.62 1.1240 506656 0.0150 4828 3.0980-06 5,55 .383 5.0564 262.91 1.1314 509003 0.0149 4586 3.254E-06 5.63 .180 5.1363 274.96 1.1389 511241 0.0153 4500 3,397[-06 5.72 .183 5.1962 288.50 1.1467 513501 0.0156 4392 3.542[-06 5.80 .183 5.2760 302.84 1.1545 5156?3 0.0150 4043 3.7060-06 5,89 .386 5.3359 317.28 1,1617 517544 0.0144 3721 3,8786-06 5.98 .382 5.43

58 332.58 1.3689 519354 0.0148 3629 4.065E-06 6,07 .182 5.5357 349.93 1,176 521173 0.0152 3533 4,26E-06 6.15 .195 5.58
368.72 3.3843 522887
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TABLE G46

Fatigue Crack Growth Data Associated

with Figure G9 (Specimien F8T2)

AUTOMATED FATI C3UE CRAC7K
GIRO3W' TH RATE ANALYS I S

Specimen Id. F8T2 Geometry C(T)
Contract 95874 Orientation T-L
Material IN 905XL Yield (ksl) 54.3
Temperature (F) 72 Modulus 11.5
Environment HUMID AIR

Specimen Dimensions (in)

Thickness 0.250 Notch depth 0.265
Width 1.493 Gage length 1.000
Height 0.900 Alpha ratio 1.250

Precrack Parameters

Pmex (Ibs) 515.0 Stress ratio (R) 0.10

Final a (in) 0.284 Kmax 7.00

Test Parameters

Initial a (in) 0.265 Initial K 5.50
K-gradient -2.00 Stress ratio (P) 0.10

K Coeff Eve/P Coeff Analysis Codes
0.886000 1.000980 KRP 1 4
4.640000 -4.669510

-13.320000 18.460100
14.720000 -236.824997
-5.600000 1214.880000
0.0000U0 -2143.570100

Visual Observations

EvB/P Crack (EvB/P) Crack (visual) Error CAF
17.13 0.263 0.280 -.003 0.999
25.98 0.478 0.475 -.003 1.032
30.45 0.547 0.553 0.006 1.044
31.32 0.558 0.563 0.005 1.045
31.68 0.563 0.569 0.006 1.046
38.18 0.639 0,628 -. 0O1 1.059

Comment s

Date of test: 02-19-19R8



TABLE C46 (Continued)

Specimen Id. F8T2

Pmax ESS/P a N a 6N 6A/hN AK CCL AKeFF
(Ibs) (In) (XI) (In) (XI) (In/cyc) (ksIWIn) (kslqiln

17.54 0.2950 5581
367 17.72 0.3001 8983 0.0098 6581 1.493E-06 4.63 .176 4.24
360 17.89 0.3048 12161 0.0097 6504 1.489E-06 4.59 .176 4.20
353 18.07 0.3097 15486 0.0099 6861 1.448E-06 4.55 .176 4.17
347 18.26 0.3148 19022 0.0100 7021 1.417E-06 4.51 .176 4.13
341 18.44 0.3197 22507 0.0097 7014 1.389E-06 4.48 .176 4.10
335 18.63 0.3245 26036 0.0097 7105 1.361E-06 4.44 .176 4.06
329 18.81 0,3294 29611 0.0097 7314 1.331E-06 4.40 .176 4.03
323 19.01 0.3342 33351 0.0096 7476 1.291E-06 4.37 .176 4.00
318 19.19 0.3390 37087 0.0097 7693 1.2620-06 4.33 .176 3.96
312 19.39 0.3440 41043 0.0098 7973 1.234E-06 4.29 .176 3.93
307 19.59 0.3489 45060 0.0096 8027 1.196E-06 4.26 .176 3.90
302 19.79 0.3536 49070 0.0096 8297 1.160E-06 4.22 .176 3.86
296 19.99 0.3585 53357 0.0098 8655 1.129E-06 4.19 .175 3.84
291 20.20 0.3633 57725 0.0095 8756 1.084E-06 4.15 .176 3.80
236 20.40 0.3680 62113 0.0095 9103 1.044E-06 4.12 .176 3.77
2SZ 20.61 0.3728 66828 0.0098 9600 1.016E-06 4.08 .175 3.74
277 2).83 0.3777 71713 0.0096 9770 9.869E-07 4.05 .175 3.71
272 21.04 0.3825 76598 0.0095 9949 9 515E-07 4.01 .176 3.68
17 21.26 0.3872 8i66i 0.0096 10475 9.190E-07 3.98 .176 3.64

763 ?1.48 0.3921 87074 0.0098 11005 8.890E-07 3.95 .175 3.62
.,3 21.71 0.3970 92666 0,0091 11197 8.646E-07 3.91 .175 3.59
.'54 21.94 0.4018 98270 0.0095 11204 8.435E-07 3.88 .175 3.56
.50 22.16 0.4064 103870 0.0094 11627 8.097E-07 3.85 .175 3.53
'46 22.39 0.4112 109898 0.0097 12479 7.756E-07 3.82 ,175 3.50
42 22.63 0.4161 116350 0.0097 12909 7.519E-07 3.79 .175 3.47
.38 22.87 0.4209 122806 0.0095 12912 7.364E-01 3.75 .175 3.44
34 23.11 0.4256 129262 0.0095 13339 7.085E-07 3.72 .175 3.41

.30 23.35 0.4304 136145 0.0097 14317 6.766E-07 3.69 .175 3.38
'26 23.61 0.4353 143579 0.0097 15025 6.425E-07 3.66 .175 3.35
'22 23.86 0.4400 151170 0.0095 15474 6.109E-07 3.63 .174 3.33
'18 24.11 0.4448 159053 0.0095 16223 5.864E-07 3.60 174 3.30
2 5 24.37 0.4495 167393 0.0096 17299 5.530E-07 3.57 .175 3.27
2"l 24.63 0.4543 17635? 0.0097 18598 5.201E-07 3.54 .174 3,25
.08 24.90 0.4532 185991 0.0097 19599 4.93:0-07 3.51 .176 3.21
))4 25.17 0.4640 195951 0.0095 20271 4.692E-07 3.48 .187 3.14
201 25.44 0.4681 206262 0.0096 21570 4.448E-07 3.45 .192 3.10
097 25.72 0.4736 217521 0.0097 22503 4.309E-07 3.42 .195 3.06
9q4 26.00 0.4784 228765 0.0093 23300 4.011E-07 3.39 .199 3.02
-41 26.27 0.4829 240821 0.0094 25905 3.627E-07 3.36 .202 2.98
,88 26.57 0.4878 254670 0.0097 28343 3.438E-07 3.33 .203 2.95
'85 26.86 0.4927 269164 0.0095 30023 3.162E-07 3.31 .205 2.92
82 27.15 0.4973 284693 0.0095 33550 2.830E-07 3.28 .213 2.87,79 27.46 0.5022 302714 0.0096 37492 2.570E-07 3.25 .223 2.80
176 27.76 0.5069 322185 0.0094 40904 2,293E-07 3.22 .232 2.75
73 28.06 0.5115 343618 0.0095 46032 2.061E-07 3.19 .237 2.71
70 28.38 051O64 368217 0.0096 51712 1.857E-07 3.17 .242 2.67
67 28.9 0.5211 395329 0.0094 57459 1.628E-07 3.14 .245 2.63
:64 29.00 0.5258 425676 0,0094 66707 1.413E-07 3.12 .248 2.60
62 29.33 0.5306 462036 0.0096 78583 1.222E-07 3.09 .252 2.57
59 29.66 0.5354 504259 0.0097 90937 1.064E-07 3.06 .253 2.54
57 30.01 0.5403 552973 0.0085 189447 4.498E-08 3.04 .258 2.51
,4 30.27 0.5A39 693706 0.0092 291800 3.163E-08 3.01 .253 2.50
51 30.E7 0.5495 r44774 0,0105 215135 4.903E-08 2.99 .264 2.44
.49 31.03 0.5544 908841 0.0090 103884 8.667E-08 2.96 .Z73 2.39

31.33 0,5585 948657
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TABLE G47
Patigue Crack Crowth Data Associated

with Figure G9 (Specimen F8T2-A)

AU-TOMA-TEO FAT I GUE CRACK
GROWTH RFATE ANAL YSIS

Specimen Id. F8T2A Geometry C(T)
Contract # 95874 Orientation T-L
Material IN 905XL Yield (ksi) 54.3
Temperature (F) 72 Modulus 11.5
Environment HUMID AIR

Specimen Dimensions (in)

Thickness 0.250 Notch depth 0.265
Width 1.493 Gage length 1.000
Height 0.900 Alpha ratio 1.250

Precrack F, ameters

Pmax (Ibs) 515.0 Stress ratio (R) 0.10
Final a (in) 0.284 Kmax 7.00

Test Parameters

Initial a (in) 0.540 Initial K 3.50
K-gradient 2.00 Stress ratio (R) 0.10

K CoefF EvB/P Coeff Analysis Codes
0.886000 1.000980 KRP I 4
4.640000 -4.669510

-13.320000 18.460100
14.720000 -236.824997
-5.6C0000 1214.880000
0.000000 -2143.570100

Visual Observations

EvB/P Crack (EvB/P) Crack (visua+) Error CAF17.13 0.283 0.280 -.003 0.999
25.98 0.478 0.475 -.003 1.032
30.45 0.547 0.553 0.006 1.044
31.32 0.558 0.563 0.005 1.045
31.68 0.563 0.569 0.006 1.046
38.18 0.639 0.628 -.011 1.059

Comments

Date of test: 02-19-1988
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TABLE C47 (Continued)

Specimen Id. F8T2A Page I

Pm, ax Eds/P a N Aa AN 6a/6N 6K CCL aKeffOIbs) (In) (Xl) (in) (XI) (In/cyc) (ksl41n) (ksl,/ln)

31.82 0.5649 12212
163 32.17 0.5695 36730 0.0094 45959 2.0500-07 3.33 .242 2.80
163 32.55 0.5744 58171 0.0095 39701 2.394E-07 3.36 .244 2.82
163 32.92 0.5790 76430 0.0095 36246 2.609[-07 3.39 .244 2.85
163 33.31 0.5838 94416 0.0096 35550 2.700E-07 3.42 .241 2.89
164 33.70 0.5886 111980 0.0095 34104 2.774E-07 3.45 .238 2.93
164 34.08 0.5933 128520 0.0094 32320 2.921E-07 3.49 .237 2.96
164 34.49 0.5981 144300 0.0096 31186 3.093E-07 3.52 .236 2.99
164 34.90 0.6029 159706 0.0096 29959 3.2050-07 3.56 .236 3.02
164 35.31 0.6077 174259 0.0095 28290 3.356E-07 3.59 .235 3.05
164 35.73 0.6124 287996 0.0094 26524 3.563E-07 3.62 .235 3.08
165 36.15 0.6171 200782 0.0093 24569 3.783E-07 3.66 .233 3.12
165 36.57 0.6217 212565 0.0093 23550 3.956E-07 3.69 .232 3.15
165 37.02 0.6264 224332 0.0095 23013 4.147E-07 3.73 .231 3.18
165 37.6 0.6313 235578 0.0097 21982 4.402E-07 3.76 .231 3.22
165 37.92 0.6361 246314 0.0096 20526 ..t85E-07 3.80 .230 3.25
165 38.39 0.6409 256105 0.0087 19295 4.5250-07 3.84 .232 3.27
166 38.81 0.6448 265609 0.0085 19412 4.395E-07 3.87 .230 3.31
166 39.29 0.6494 275516 0.0090 18951 4.745E-07 3.91 .228 3.35
166 39.77 0.6538 284560 0.0089 17646 5.016E-07 3.94 .226 3.39
166 40.25 0.6582 293162 0.0090 16765 5.361E-07 3.98 .226 3.42
166 40.76 0.6628 30.325 0.0087 15464 5.614E-07 4.01 .225 3.46
166 41.22 0.6669 308626 0.0082 14506 5.680E-07 4.05 .223 3.49
166 41.70 0.6711 315831 0.0089 14408 6.190E-07 4.09 .221 3.53
166 42.25 0.6759 323034 0.0091 14065 6.452E-07 4.12 .218 3.58
167 42.76 0.6801 329896 0.0088 13384 6.621E-07 4.16 .218 3.61
167 43.31 0.6847 336418 0.0089 12638 7.005E-07 4.20 .215 3.66
167 43.83 0.6890 342533 0.0087 12155 7.251E-07 4.24 .213 3.70
167 44.38 0.6934 348574 0.0088 11806 7.434E-07 4.27 .211 3.75
167 44.93 0.6978 354339 0.0086 11254 7.660E-07 4.31 .209 3.79
167 45.48 0.7020 359828 0.0087 10980 7.892E-07 4.35 .207 3.83
167 46.05 0.7064 365320 0.0090 10987 8.160E-07 4.39 .204 3.88
167 46.66 0.710 370815 0.0090 10719 8.440E-07 4.43 .203 3.92
167 47.27 0.755 376039 0.0089 10112 8.799E-07 4.47 .201 3.97
167 47.87 0.7199 380926 0.0087 9503 9.250E-07 4.51 .200 4.01
167 48.47 0.7242 385542 0.0085 9018 9.426E-07 4.55 .199 4.0
167 49.07 0.7284 389945 0.0086 8806 9.713E-07 4.59 .196 4.10
167 49.70 0.7327 394348 0.0088 8812 1.000E-06 4.63 .195 4,14
167 50.35 0.7372 398756 0.0091 8818 1.032E-06 4.67 .193 4.19
167 51.05 0.7418 403165 0.0092 8598 1.065E-06 4..2 .191 4,24
167 51.74 0.7463 407355 0.0087 7968 1.0950-06 4.76 .190 4.28
167 52.39 0.7505 411133 0.0005 7544 1.126E-06 4.80 .189 4.33
167 53.07 0.7548 414898 0.0007 7527 1.162E-06 4.85 .187 4.38
167 53.78 0.7593 41660 0.0089 7344 1.2112-06 4.89 .187 4.42
167 54.51 0.7637 422242 0.0087 698 1.?53E-06 4.93 .187 4.46
167 55.22 0.7680 425641 0.C086 6729 1.2750-06 4.98 .186 4.50
147 55.95 0.7723 428971 0,0087 6616 1.310E-06 5.02 .186 4.55
167 56.71 0.7767 432257 0.0087 6427 1.359"E-06 5.07 .184 4.59
167 57.47 0.7811 435398 0.0088 6279 1.403E-06 5.12 .184 4.64
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TABLE C47 (Continued)

Speclmen Id. F8TZA 
Page z

PrMx £48/P a N N a/6N Ax CCL aKeff(ID$)(in ) n) (XI) (in/cyc) (ksI1n) [ksiJln)

167 58.27 0.7855 438536 0.0090 6277 1.429[-06 5.16 .384 4.68167 59.10 0.7900 441675 0.0090 6335 1.468E-06 5.2 .183 4.73167 59.94 0.7945 444671 0.0089 5853 1.53-06 5.26 .183 4.77167 60.76 0.7989 447526 0.0086 5566 1.544E-06 5.30 .182 4.8?166 63.59 0.8033 450237 0.0086 5380 3.595E-06 5.35 .j81 4.87166 62.44 0.8075 452906 0.0087 5323 1.643E-06 5.40 .181 4.92166 63.33 0.8119 455560 0.0088 5193 1,686E-06 5.45 .180 4.96166 64.22 0.8162 458098 0.0088 5076 3.731[-06 5.50 .179 5.03166 65.15 0.8206 460636 0.0089 4963 l.788-06 5.55 .179 5.06366 66.30 0.8253 463062 0.0087 4736 1.837E-06 5.60 .379 .165 67.03 0.8293 465372 0.0087 4622 1.884E-06 5.65 .178 5.16165 68,03 0.8338 467683 0.0087 4506 1.932E-06 5.70 .177 5.21365 68.98 0.8383 469877 0.0086 4339 1,994E-06 5.75 .176 5.27165 69.99 0.8424 472022 0.0088 4273 2.058E-06 5.80 .17 5.33365 71.04 0.8469 474151 0.0088 4164 2.3E-06 5.86 .177 5.36164 72.10 0.8532 476386 0.0089 4071 2.177E-06 3.91 .377 5.40164 73.20 0,8557 478222 0.0089 3981 2.228E-06 5.96 .177 5.45164 74.30 0,8601 480367 0.0087 3798 2,295E-06 6.02 ,J77 5.50163 75.42 0,8644 482020 0.0087 3705 2.361E-06 6.07 .177 5.55163 76.58 0.8689 483872 0.0088 3613 2.424E-06 6.13 .177 5.60163 77.74 0.8732 485632 0.0086 3417 2.503E-06 6.38 .177 5.65162 78.90 0.8774 487289 0.0085 3294 2.579E-06 6.24 .177 5.7016Z 80.10 0.8817 488926 0.0087 3272 2.645E-06 6.29 .177 5.75162 81.35 0.8861 490561 0.0089 3273 2.729E-06 6.35 .177 5.81161 82.68 0.0906 492;99 0.0090 3200 2.812E-06 6.4 .J77 5.86161 84.02 0.8951 493762 0.0088 3051 2.891E-06 6.47 J77 5.9163 85.36 0.8994 495250 0.0086 2902 2.9786-06 6.57 .177 5.97160 86.70 0.9037 496663 0.0085 2750 3.077E-06 6.58 .)77 6.02160 88.04 0.9079 498000 0.0086 2672 3.202E-06 6.64 .177 6.07159 89.47 0.9123 499336 0,0088 2671 3.299E-06 6.70 177 6.3159 90.97 0.9167 500673 0.0088 2609 3.3786-06 6.76 178 6.18158 92.47 0.921f 501945 0 0087 2487 3.493E-06 6.8 1 .77 6.24
358 93.99 0.9254 503158 0.3088 2429 3.622E-06 6.89 .)76 6.3357 95.63 0.9299 504373 0.0088 2368 3.737E-06 6.95 .177 6.35157 97.22 0.9342 505526 0.0087 2272 3.828F-06 7.03 .377 6.43356 98.86 0.9386 506645 0.0087 2200 3.9506-06 7.08 .176 6.48156 300.56 0.9429 507726 0.0086 2117 4.085E06 7.14 .177 6 53355 )02.26 0.9472 508762 0.0087 2070 4,219E-06 7.20 177 (, Q155 304.08 0.9517 509796 0.0088 2022 4.3686-06 7.27 J77 6.154 305.93 0.9560 530784 0.0087 1929 4.496[-06 7.33 177 6.711'3 !07.75 0.9603 533726 0.0087 1884 4,631E-06 7.40 .177 6.77153 109.71 0.%48 532667 0.0088 1836 4.800E-06 7.47 .176 6.84152 133.69 0.9692 513562 0.0086 3725 5.0131-06 7.53 .177 6.89352 13.67 0.9734 514393 0.0088 1702 5.148E-06 7.60 .376 6.96153 315.83 0.9779 535264 0.0090 1706 5.249(-06 7.67 .177 7.02350 337.99 0.9824 536099 0.0086 1594 5.42)-06 7.74 .177 7,0815D 320.10 0.98,6 51688 0.0086 1518 5.636-06 7.8! .176 ,I149 322 35 0.9909 517617 0.0088 1518 5.793F-06 7.88 .76 722148 124.70 0.9953 538375 O.OOe8 1479 5.3£E-06 7.95 ,77 7.2347 327.08 0.9997 519096 0.0086 37 6.150[-06 8.02 .177 7.14



TABLE C47 (Continued)

Specimen Id. F8T2A Page 3

Pmax Edo/P a N Aa AN &a/AN AK CCL aKeFf(Ibs) (In) (Xl) (In) (Xl) [In/cyc) (kslW|n) (ks|€n)

147 129.45 1.0039 519772 0.0085 1343 6.360E-06 8.10 .176 7.41
146 131.94 1.0083 520439 0.0087 1335 6.540E-06 8.17 .177 7.47
145 134.57 1.0127 521107 0.0090 1336 6.750E-06 8.24 .177 7.54
144 137.38 1.0173 521775 0.0091 1302 6.967E-06 8.32 .177 7.61
143 140.19 1.0217 522409 0.0088 1225 7.151E-06 8.40 .176 7.69
142 14L.97 1.0260 523000 0.0086 1167 7.351E-06 8.47 .176 7.76142 145.84 1.0303 523576 0.0087 1154 7.559E-06 8.55 .176 7.83
141 148.89 1.0347 524153 0.0087 1125 7.752E-06 8.62 .176 7.90
140 151.93 1.0390 524701 0.0086 1069 8.059E-06 8.70 .176 7.97
139 155.09 1.0434 525222 0.0086 1030 8.324E-06 8.78 .176 8.04
138 158.29 1.0476 525731 0.0086 1019 8.449E-06 8.86 .176 8.11
137 161.68 1.0520 526241 0.0088 1020 8.677E-06 8.94 .176 8.18
136 165.28 1.0565 526751 0.0088 996 8.881E-06 9.02 .176 8.26
135 168.88 1.0608 527237 0.0087 947 9.160E-06 9.10 .176 8.33
134 172.57 1.0651 527697 0.0085 899 9.406E-06 9.18 .176 8.40
133 176.22 2.0693 528135 0.0086 893 9.624E-06 9.26 .177 8.47
132 180.28 1.0737 528590 0.0090 907 9.894E-06 9.34 .176 8.56
131 184.54 1.0782 529042 0.0088 866 1.019E-05 9.43 .176 8.63
130 188.74 1.0825 529456 0.0086 826 2.041E-05 9.51 .176 8.71
129 193.07 1.0868 529869 0.0087 808 1.072E-05 9.60 .176 8.79
128 197.62 1.0912 530264 0.0085 771 1.00E-05 9.68 .177 8.85
227 202.05 1.0953 530639 0.0086 770 2.115E-05 9.77 .175 8.96
126 207.05 1.0998 531033 0.0090 785 1.143E-05 9.86 .176 9.02
125 212,26 1.1043 531425 0.0088 755 1.171E-05 9.95 .176 9.11
124 217.47 1.1086 531789 0.0085 712 1.196E-05 10.04 .175 9.20

222,66 2.2128 532137
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TABLE C48

Fatigue Crack Growth Data Associated

with Figure GIO (Specimen FRSI)

AUTOMATED FAT IGLUE CRACK
GROsW-TH RATE ANALYS I

Specimen Id. F8SI Geometry C(T)
Contract # 95874 Orientation S-L
Material IN905XL FG Yield (ksi) 51.4
Temperature (F) 72 Modulus 11.1
Environment HUMID AIR

Specimen Dimensions (in)

Thickness 0.248 Notch depth 0.276
Width 1.496 Gage length 1.000
Height 0.900 Alpha ratio 1.250

Precrack Parameters

Pmax (lbs) 497.0 Stress ratio (R) 0.10
Final a (in) 0.299 Kmax 7.00

Test Parameters

Initial a (in) 0.276 Initial K 5.50
K-gradient -2.00 Stress ratio (R) 0.10

K Coeff EvB/P Coeff Analysis Codes
0.886000 1.000980 KRP 1 4
4.640000 -4.669510

-13.320000 18.460100
14.720000 -236.824997
-5.600000 1214.880000
0.000000 -2143.570100

Visual Observations

EvB/P Crack (EvB/P) Crack (visual) Error CAF
17.68 0.306 0.299 -.007 1.015
20.43 0.349 0.356 0.006 0.968
22.54 0.378 0.390 0.012 0.937
24.68 0.405 0.392 -.012 0.910

Comments

Date of test: 02-03-1988



TABLE C48 (Continued)

Specimen Id. F8SI

Pmax E66/P a N Aa AN &&/AN AK CCL AKeff
(tb:) ( I an) (Xl) (in) (xi) (in/cyc ) (k$1Jln) (ksltin)

18.12 0.3132 Z2658

346 18.43 0.3183 35516 0.0106 25759 4.1006-07 4.55 .292 3.58
336 18.76 0.3237 48417 0.0103 26316 3.917E-07 4.47 .301 3.47
326 19.07 0.3286 61832 0.0099 29236 3.3986-07 4.38 .307 3.37

316 19.39 0.3337 77652 0.0102 33672 3.037E-07 4.29 .431 2.71

307 19.73 0.3309 95505 0.0102 38262 2.671E-07 4.21 .445 2.60
298 20.06 0.3439 115914 0.0105 45854 2.287E-07 4.12 .459 2.48
290 20.43 0.3493 141359 0.0104 63382 1.641E-07 4.05 .478 2.35

282 20.78 0.3543 179296 0.0099 98487 1.006E-07 3.97 .497 2.22
274 21.13 0.3592 239846 0.0101 190577 5.324E-08 3.89 .515 2.10
266 21.51 0.3645 369872 0.0100 359722 2.785E-08 3.82 .532 1.99
259 21.86 0.3693 599567 0.0097 508236 1.907E-08 3.75 .675 1.35
252 22.23 0.3741 878108 0.0102 537689 1.891E-08 3.68 .697 1.24

245 22.63 0.3794 1137256 0.0104 529416 1.9556-08 3.61 .716 1.14
238 23.03 0.3845 1407525 0.0102 671119 1.514E-08 3.54 .735 1.04

231 23.44 0.3896 1808376 0.0100 885680 1.133E-08 3.48 .753 0.95
225 23.84 0.3945 2293205 0.0100 1290984 7.747E-09 3.41 .768 0.88

24.26 0.3996 3099360



TABLE G49

Fatigue Crack Growth Data Associated

with Figure G10 (Specimen F8SI-A)

AUT'OMATEL) FAT IGUE CRACK
GROIWJTH RATE ANALYSI S

Specimen Id. F851A Geometry C(T)
Contract # 95874 Orientation S-L
Material IN9O5XL FG Yield (ksi) 51.4

Temperature (F) 72 Modulus 11.1

Environment H"MID AIR

Specimen Dimensions (in)

Thickness 0.248 Notch depth 0.276

Width 1.496 Gage length 1.000

Height 0.900 Alpha ratio 1.250

Precrack Parameters

Pmax (ibs) 497.0 Stress ratio (R) 0.10

Final a (in) 0.299 Kmax 7.00

Test Parameters

Initial 8 (in) 0.390 Initial K 4.00
K gradient 2.00 St-ess ratio (R) 0.10

K Coeff EvB/P Coeff Analysis Codes

0.886000 1.000980 KRP I 4
4.640000 -4.66951u

-13.320000 18.460100
14.720000 -236.824997
-5.600000 1214.880000
0.000000 -2143.570100

Visual Observations

EvB/P Crack (EvB/P) Crack (visual) Error CAF

17.68 0.306 0.299 -.007 1.015

20.4-1 0.349 0.356 0.006 0.968

22.54 0.378 0.390 0.01? 0.937

24.68 0.405 0.392 -.012 0.910

Cormment s

Date of test: 02-03-1988
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TABLE G49 (Continued)

.- ecien ld. FBs5A Page I

Pma- E68/P a N 6a 6N 6a/6N 6K CCL Keff
(Ib$) (In) (Xi) (In) (Xij (In/Cyc) (kSIfI n) (kslIln)

26.11 0.4285 76023
245 26.50 0,4346 247977 0.0(39 397085 3.502E-08 3.99 .738 .16
245 26.99 0.4424 473108 0.0156 432854 3.5966-08 4.04 .737 1.18
246 27.50 0.4502 680831 0.0155 415838 3.730E-08 4.1U .731 1.23
246 28.01 0,4579 888946 0.0154 419556 3.665E-08 4.17 .725 (.27
247 28.53 0.4656 1100387 0.0156 406365 3.333E-08 4.23 .718 1.33
247 29.08 0.4735 (295310 0.0154 363072 4.253(-08 4.30 .710 1.39
248 29.62 0,4810 1463459 0.0158 358983 4.408E-08 4.37 .705 1.43
248 30.22 0.4893 1654294 0.0153 369281 4.153E-08 4.43 .696 1.50
249 30.75 0,4964 1832740 0.0)28 282293 4.5506-08 4.50 .687 1.57
249 3-.19 O,5021 1936587 0.0168 152581 1.102E-07 1.58 .680 1.63
250 32.05 0.5132 1985321 0.0193 58908 3.281E-37 A.64 .666 1.72
250 32.71 0.5215 1995495 0.0157 17389 9.031E-07 4.73 .655 1.81
251 33.33 0.5289 2002710 0.0151 !3768 1.096E-06 4.80 .645 1.90
251 33.97 0.5365 2069263 0,0150 12334 1.216E-06 4.87 .635 (,97
252 34.60 0.5439 2015044 0.0149 11315 1.317E-06 4.95 .627 2.05
252 35.27 0.5514 2020578 0,0150 10665 1.410E-06 5.02 .618 2.13
253 35.94 0.5589 2025709 0,D149 9847 1.512E-06 5.09 .608 2.22
253 :6.63 0,5663 2030425 0.0150 9385 1.5956-06 5.17 .600 2.30
254 37.35 0.5739 2035094 0.0151 9112 1.657E-06 5.25 .593 2.37
254 38.08 0.5814 2039537 0,0(52 8711 1.747F-06 5.32 .584 2.46
254 38.84 0.5891 204305 0,0(58 8547 (.854E-06 5.41 .575 2.55
255 39.67 0,5973 2048083 0.0159 8)62 (.95(E-06 5.49 .566 2.65
255 40.49 0,6050 205(967 0.0(52 7385 2,052E-06 5.57 .557 2.74
255 41.28 0,6124 Z055469 0.0148 650 2.16(E-06 5.66 .550 2.83
256 42.10 0.6198 2058817 0.0152 6720 2.2646-06 5.74 .543 2.91
256 42.98 0,6276 2062(89 0.0(57 6590 2 3846-06 5.83 .534 3.02
256 43.90 0.6355 2065408 O.O(Sj 6114 2.495E-06 5.91 .525 3.12
256 44.77 0.6429 2068303 0.0151 5770 2.6246-06 6.00 .517 3.22
257 45.72 0.6507 2071177 0.0155 5626 2.763E-06 6.09 .509 3.32
257 46.70 0.6584 2073928 0.0151 5226 2.8896-06 6.18 .502 3.42
257 47.65 0.6650 Z076403 0.0(50 4938 3 042E-06 6.27 .495 3,52
257 48.67 0.6735 2078866 00)57 4933 3.19?6-06 6.37 .480 3.62
257 49.77 0.6815 2081336 0.0161 4833 3.325E-06 6.46 .480 3.73
257 50.89 0.6895 20Z3699 0.0159 4507 3.5n--06 6.56 .470 3.86
257 52.02 0.6973 Z085943 0.015? 4087 3.7125-06 6.66 .464 3.97
257 53.12 0.7047 2087787 0.0(48 3800 3.887E-06 6.76 .458 4.07
257 54.25 0.7121 208q643 0.0152 3713 4.104E-06 6.86 451 4.18
257 55.49 0,7199 '09!5C0 0.'157 3619 4.329E-06 6.96 ,445 4.29
257 56.76 0.7273 2093262 0.0154 3394 4.536-06 7.06 .417 4.4Z
257 58.03 0.7?53 2094893 0.0(54 321) 4.796E-06 7.17 .429 4.55
256 54.38 0.7432 2096473 0.0157 3086 5.0946-06 7.28 .4(8 4.70
256 60.78 0.7511 2097979 0.0156 2869 5.424E-06 7.38 .414 4.81
256 62,20 0.7S87 2099342 0.0154 2697 5.72(6-06 7.50 .46 4.92
255 63.6f 0.7665 2(00676 0.0155 2604 5.959E-06 7.61 .404 5.04
2,1 61(.iq 0.141 210(94' 0,C55 2429 6.363E-06 7.72 .397 5.17
254 66.74 0.7819 2103105 0.0155 2261 6.839E-n6 7.83 .?91 5.30
254 60 37 3,7e97 2104208 0.n!56 2(90 7.14(E-06 7.95 .381 5.47
253 70.06 0.7976 2(05294 0 0163 2(54 7.546E-06 8.07 .375 5.60
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TABLE C49 (Continued)

Specimen Id. FeSIA Page 2

Pmax EB/P a N &a AN WA/N AK CCL AKeff

(Ibs) (in) (Xl) (In) (Xl) (In/cyc) (ksiIn) (ksll ln)

253 71.95 0.8060 2106362 0.0159 1985 8.035E-06 8.19 .367 5.77

252 73.70 0.8)35 2107279 0.0149 1767 8.435E-06 8.32 .362 5.90
251 75.46 0.8209 2108130 0.0153 1730 8.826E-06 8.44 .358 6.02

250 77.43 0.8288 2109009 0.0160 1714 9.353E-06 8.57 .353 6.16

250 79.52 0.8369 2109843 0.0160 1557 1.029E-05 8.70 .347 6.31

249 81.63 0.8448 2110566 0.0153 1388 1.099E-05 8.82 .337 6.50

248 83.67 0.8522 2111231 0.0149 1325 1.121E-05 8.95 .331 6.66

247 85.82 0.8597 2111891 0.0155 1321 1.176E-05 9.09 .324 6.82

246 88.2' 0.8677 2112551 0.0161 1288 1.253E-05 9.22 .319 6.98

245 90.72 0.8758 2113179 0.0157 1198 I.311E-0S 9.36 .3:4 7.14

243 93.18 0.8834 2113750 0.0154 1121 1.376E-05 9.50 .310 7.28

242 95.80 0.8912 2114300 0.0155 1058 1.460E-05 9.64 .306 7.43

241 98.46 0.8989 2114808 0.0154 996 1.544E-05 9.79 .301 7.60

239 101.27 0.9066 2115296 0.0156 977 1.601E-05 9.93 .296 7.77

238 104.26 0.9145 2115785 0.0158 932 1.697E-05 10.08 .286 8.00
236 107.38 0.9224 2116228 0.0156 842 1.848E-05 10.23 .281 8.17

235 110.52 0.9301 2116627 Q.0151 768 1.965E-05 10.38 .273 8.38

233 113.72 0.9375 2116996 J.0154 777 1.984E-05 10.54 .266 8.59

231 117.28 0.9455 2117404 0.0161 786 2.053E-05 10.69 .263 8.76

230 121.12 0.9537 2117782 0.0152 677 2.245E-05 10.85 .261 8.91

228 124.55 0.9607 2118080 0.0153 644 2.382E-05 11.02 .258 9.09

226 128.81 0.9690 2118426 0.0174 710 2.459E-05 11.19 .249 9.33

224 133.74 0.9781 2118790 0.0168 663 2.528E-05 11.36 .241 9.58

222 138.07 0.9857 2119089 0.0145 542 2.668E-05 11.53 .236 9.79

142.13 0.9926 2119332
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10 - 3  FATIGUE CRACK GROWTH RATES

i0- 4

10-5 U

10~ T1

SPC P c, r r K QC R

S0 0 F 0S1, 0 -2 0 72 0
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Figure ('I I at i,,ue (crack (Crowtli Rate Data for INn(,Y)XI, Torging
(S-i. Orientation, KGRAn -2.00, 2.00 and 2.00). Northrop.
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TABLE G50

P2U!2Crack Crowth Data Associated
with rigurc C11 (Specimen F8S2)

AUTrC)MA-TED rA-rIGLJE G-FRACK~
GOG'C.FT- FR^-TE ANAL-Y'SiJE

Specimen Id. F8S2 Geometry C(T)

Contract # 958'74 Orientation S-L

Material IN905XL FG. Yield (ksi) 51.0
Temperature (F) 72 Modulus 10.1

Environment HUMID AIR

Specimen Dimensions (in)

Thickness 0.249 Notch depth 0.268

Width 1.498 Gage length 1.000

Height 9.000 Alpha ratio 1.250

Precrack Parameters

Pma- (lbsI 252.0 Stress ratio (R) 0.10

Final a (in) 0.514 Kmax 5.19

Test Parameters

Initial a ( in) 0.S13 Initial K 6.5(1

K-gradient -2.00 Stresc ratio (P) 0.16s

K Co~eff EvB/P Corff Analysis Corzins

rC).BA.000 1.00098n1 KPP 1 4

4. C4(9(300 -4. 60,951 10
- I .. 100W, 8. d6n100)

- 5. 729r30flo -236.PRO997

0.000)C' -2143.570100

Visual Observations

Ev6/
0  

Crack (EvB/P) Crack (visual) Errcor CAF

30.19 0.515 0.536 0.021 0.9rq

37.06 L).608 0.610 0.002 0.99,

3q.18 0.632 0.644 0.012 1.0c,

40.02' 0.641 0.6150 0.00q 1.010
50.08 0.732 0.730 -. 001, 1.(]4'

65.10 0.827 0.817 -. 010 1.073

145.21 1.0511 1.031 - .020 I.1 53
243.18 1.151 1.127 -. 024 1.192

%14132.18 1.339 1.349 0.010

C omme nt .

Date of test- 04- 19-198n
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TABLE C50 (Continued)

Spectmen Id. I82

Pmz (68/P a N 6a 6N 6a/N 6K CCL PefObsa) ( n) (Xl) (in) (Xl) (In/cyc) (ksiJin) (s 4

30,34 0.5173 15261
292 30.70 0.5228 19511 0.0O0 7 4l I.0.60-06 5.49 .673 ).99287 31.03 0.5278 23201 0.0102 7478 1 363E-06 5.45 .679 1.95282 31.38 0.5330 26989 0.0102 7568 1.353E-06 541 .686 1.8278 31.73 0.5381 30769 0.0103 7699 I.35E-06 5.37 .691 [A3273 32.09 0.5433 34688 0.0105 7970 1.312E-06 5.33 .J97 1.79269 32.46 0.5485 38739 0.0103 8205 I.255E-06 5.29 .702 1.7
264 32.82 0.5536 42894 0.0106 8750 1.207E-06 5.24 .707 1.71260 33.22 0.5591 47489 0.0109 9341 1.164E-06 5.20 .715 1.65255 33.61 0.5645 52235 0.0105 9474 1.11 E-06 5.16 .723 .59251 34.00 0.5696 56963 0.0103 9600 1.069E-06 5.12 .729 .54Z47 34.39 0.5747 61835 0.0102 10063 1.016E-06 5.08 .36 1.49243 34.78 0.5798 67026 0.0102 10707 9.569E-07 5.04 .742 1.49
239 35.19 0.560 72542 0.0101 11415 8.798E-07 5.01 .749 I.4r2 " 35.58 0.5899 78501 0.0101 12515 8.108E-07 4.97 .754 1.36231 36.00 D .1951 8,056 0.0103 13402 7.673E-07 4.93 . ' 6 .312/1 36.42 0.6002 9190, 0.0164 20886 7.8440-07 4.e7 .76; .272 1 3 3 0.6135 10'94: 0.0153 237)3 6.4610-07 4.83 .782 ' 7

2V 3.2 0. t- 7' 1157 13. i03 24463 3.8180E- 07 4.77 .787 I132 38.9 c,629 I C 405 0.0105 2978 3.526E-07 4. ;4 7 1: I.
3?.5 k,;3 0.),00 39,73 2.798E-07 4.7[ ST 0:Ot. 3,4. c c ,e69.7q 0 005 42Z/47 I.53r 309 4. ,,B .9>3
4.2a 0 

6
32t 5t77E0
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TABLE G5I

Pati-ue Crack Growth Data Associated

with Figure Ci (Specimen r8S2-A)

AUTOMATEC FATI GUE CFAC K
GZD W TH FRATE ANALYE I B

Specimen Id. F8S2A Geometry C(T)

Contract # 95874 Orientation S-L
Material IN905XL FG. Yield (ksf) 51.0
Temperature (F) 72 Modulus 10.1
Environment HUMID AIR

Specimen Dimensions (In)

Thickness 0.249 Notch depth 0.268
Width 1.498 Gage length I.OC)
Height 9.000 Alpha ratio 1.250

Precrack Parameters

rmaj (Ib' 252.0 Stress ratio (R) 0.10
inal a (in) 0.514 Kma 5.14

Test Parameters

Intial a 0n) 0.(29 Initial x 5.P0
K-qra)iet 2.00 Stress ratio (R) 0.10

K Cf, EvP/P Cmeff Analysis Codes
0. -l000Dq0 KPP 1 4
4. 6qrf -4. &69 10

S3. 30r 18 4 0100
14. 7S0$W -236 8249'47
- ,,( c¢r - 1214. 8RO000
C. 0,,0000 -2143.570100

Vi sua
l 
Oprvat or

Ev8/P Crack (Eve/P) Crac6 (visual) Error CAF
30.l9 0.515 0.536 0.021 0.96

Q

37.06 0.608 0.610 D.022 0.991

34.18 0.63,' 0.644 0.012 1.007
40.02 0.6a4 0.650 0.009 1.010

50.08 0.732 0.730 -. ,002 1.040
65.10 0.827 0.817 -. 010 1.073
14-,25 1.051 1.03! -. 020

243.18 1.151 1.127 -. 024 1.191,
7.1232.16 1.339 1.349 0.010 .2W9

Da ' test: 04-19-1988
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TABLE C51 (Continued)

Speclmen Id. F8SZA Page I

PMaK 648/P a N 6 6N &a/N AK CCL 6Kefftlbs) (in) (XI) (in) (X|) (In/cyc} (k$1lin) (ksi,/in)

'0.39 0.6448 42828
231 40.91 0.6502 48853 0.0105 10657 9.899E-07 5.44 .702 1.80
231 41.42 0.6554 53484 0.0102 8454 1.210E-06 5.50 .693 1.87
231 41.92 0.6604 57307 0.0098 7150 1.3736-06 5.55 .686 1.94
231 42.41 0.6652 60634 0.0099 6548 1.518[-06 5.61 .679 2.00
232 42.94 0.6703 63855 0.0103 6287 1.6396-06 5.66 .672 2.06
232 43.48 0.6755 66921 0.0102 5985 1.711E-06 5.72 .662 2.15
232 44.02 0.6806 69840 0.0100 5553 1.798E-06 5.78 .657 2.21
232 44.56 0.6855 72474 0.0100 5288 1.888E-06 5.84 .650 2.27
232 45.12 0.6906 75128 0.0102 5187 1.9676-06 5.90 .644 2.33
232 45.70 0.6957 77661 0.0099 4822 2.063E-06 5.96 .638 2.40
232 46.25 0.7005 79950 0.0099 4577 2.158E-06 6.02 .630 2.47
232 46.84 0.7056 82238 0.0101 4474 2.252E-06 6.08 .626 2.53
232 47.44 0.7106 84424 0.0100 4273 2.335E-06 6.14 .616 2.62
232 48.04 0.7155 86511 0.0100 4183 2.397E-06 6.20 .612 2.68
233 48.67 0.7206 88607 0.0101 4106 2.4486-06 6.27 .605 2.75
233 49.29 0.7256 90617 0.0098 3759 2.5996-06 6.33 .600 2.81
233 49.90 0.7304 92366 0.0107 3390 3.159E-06 6.40 .595 2.88
233 50.68 0.7363 94007 0.0102 3095 3.284E-06 6.46 .588 2.9C.
233 51.24 0.7405 9546Z 0.0089 3176 2.8136-06 6.53 .580 3.04
233 SA.88 0.7452 97183 0.0097 3483 2.786E-06 6.59 .174 3 12
233 52.57 0.7502 98945 0.0100 3453 2.898E-06 6.66 .567 3.20
233 53.27 0.7152 100635 0.0101 3340 3.013E-06 6.71 .',2 3.28
233 53.9q 0.7603 102285 0.0102 3243 3.141E-06 6.80 .5,7 3.34
233 54.74 0.7654 103878 0.0101 3082 3.268E-06 6.87 .551 3.42
2j2 5r.48 0.7704 10r366 0.00c7 2853 3.401E -06 6.94 .546 3.5O24? 56.20 0.7751 106731 "0095 2676 3.5566-06 7.01 .541 7 57
292 56.94 0.7799 108042 0.0097 2625 3.6876-06 7.08 .534 3.'
232 . 0.7848 109356 0.0100 2634 3.79t[-0O. 7.15 .027 .1'
232 58.54 0.78?9 110677 0.0102 2581 3.940E-06 7.22 .52C 3.95
232 54.38 0.73'.0 111936 0.0101 2469 4.074E-06 7.C .5 3.9 4
27? 60.21 0.800C 113146 0.0094 2364 4.200[-06 7.37 .51 4.01
232 61.06 0.3049 114301 0.0098 2240 4.364E- Ut 7.45 .5 4.08
211 61.41 0.P0q7 1538' 0.0094 2100 4.481[-06 7.52 .53" 4 17
2 1 62.73 0.84 3 1 41C 0.0094 2034 4.607E-06 7. 60 419 4.24
231 63.60 0.8iq 117420 0.0097 2043 4.754E-06 7.68 .492 4.33
231 64.52 0.8240 118444 0.0102 2069 4.931-06 7.76 .484 4.4

c

231 65.52 0.8213 119489 0.0100 1945 5.1206-06 7.84 .478 4. 4
23?i 66.43 0.8340 120388 0.0094 17$2 5.3516-06 7.92 .412 4.f4
230 6'.38 0.887 121251 0.0095 1712 5.538E 06 8.00 .467 4 -1230 68.34 0.8435 122100 0.0097 1699 5.6926-06 8.08 .44 4 A!
22q 64.36 0.8464 z2950 0.0098 1654 5.910-e. 8.16 .459 4 Qi22Q 70.39 0.8532 123755 0.0094 1552 6.089E-06 8.24 .4',6 4 14
22 71.3q 0.8579 124001 0.0n94 1500 6.299E-06 8.33 42
228 72.44 0.827 125254 0. OnqF 1473 6.5486-06 8.41 .44
228 73.55 3.9.15 125975 0.0094 1393 6.791E-Of 8.50 .440
228 aC 62 0P8'2i 126644 0 "7 13'? 7.041( C 8.53 432
22' C, 0.8'' 1 2'147 0 0> q 19', 7 4 [ C-' 8 +" (',@ - 4:-
2?' '1 0.9q! 12 43 0.0I 1}2' 7.537E 0. 8't .42-r
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TABLE C51 (Continued)

Specimen Id. F852A Page 2

Pma- E88/P a N 4a AN ba/bN 6K CCL a
p f

f

(|bs) (in) (Xl) (In) (XI) (In/cyc) lksi4In) (k d.in)

226 78.17 0.88E7 128616 0.0095 1207 7.847E-06 8.85 .415 5.75

226 79.35 0.8914 129203 0.0093 1148 8.056E-06 8.94 .411 5.85

Z25 80 54 0.8960 129764 0.0094 1129 8.364E-06 9.03 .408 5.94

225 81.84 0.9008 130332 0.0095 1090 8.756E-06 9.12 .406 6.02

224 83.12 0.9055 130854 0.0093 1020 9.105E-06 9.22 .403 6.11

224 84.40 0.9101 131352 P,0092 981 9.367E-06 9.31 .397 6.23

223 85.71 0.9147 131835 U.0092 956 9.658E-06 9.40 .393 6.34

223 87.07 0.9194 132300 u.0096 951 1.006E-05 9.50 .386 6.49

222 88.55 0.9243 132786 0.0099 932 1.059E-05 9.60 .379 6.63

222 90.08 0.9292 133240 0.0095 867 1.096E-05 9.70 .374 6.75

221 91,5) 0.9338 J33654 0.0090 799 1.121E-05 9.80 .368 6.88

220 92.94 0.938? 134039 0.0094 802 1.170E-05 9.90 .365 6.98

220 94.5q 0.9432 134456 0.0095 789 1.210E-05 10.00 .363 7.08

219 96.14 0.9477 134827 0.0090 728 1.242E-05 10.10 .359 7.19

2p 97.71 0.9522 135183 0.0092 710 1.302t-05 10.20 .356 7.31

217 99.42 0.qS70 135537 0.0092 678 1.362Z-05 10.30 .354 7.40

2)7 101.06 0.96!5 135861 0.0090 646 1.391-05 10.41 .347 7.56

216 102.76 0.9660 136183 0.0092 643 1.4l9E-O5 10.51 .340 7.71

215 104.5Q 0.9707 136504 0.0093 626 1.487E-05 10.62 .334 7.85

214 106.41 0.9753 136809 0.0090 595 1.513E-05 10.73 .328 e.01

213 108.22 0.q797 137098 0.0094 596 1.574C-05 10.84 .322 8.16

213 110.10 0.9846 137405 0.0100 6)0 1.636E-05 10.95 .319 8.28

212 112.47 0.98
q
7 137708 0.0097 576 .681E-05 11.07 .315 8.42

211 114.5'
,  

0.9943 137981 0.0088 502 1.752E-05 11.18 .315 8.51

2!0 1M6.44 0.q985, 138211 0.0085 472 1.7986 05 11.29 .312 8.64

2CI 118.48 1.00 8 13845Z o.o qS 513 1.8 4E-05 11.41 .312 E.73

2'4 12C.q9 1.0083 138-24 0.0'096 504 1.90go 0 
,  

k.,2 .317 8 P7

207 123.2 1.0124 13856 0.0077 461 1.953E 05 11.65 .300 9.7

20h I S ',3 1.0110 13C118, 0. O0q4 4 1 2.7 33E 01 1 11. .3c Q. I1

2 12,."R I.OZIF I3417 O.O 3) 444 Z.055E-O lI.8' .292 q 35

23. 131.41 I.Ok) I'qt28 0.00 ) 429 2.125E 12 01 .2C? cr

203 2 3'1. 037 )3Q84(. 0.78P9 47 2 177E-C0 12 13 .2e, ;.67

2, 13",44 1.01,10 14,0 .7S 0.0091 402 2.254[-05 I1 .26 .27i q.93

2 1. 38.4 1.0400 140248 O.0'Q0 383 2.343E-05 12.37 .2') II'.Cl

I7' 14 " . 140416 04.748 q 0 37) 2.414 -05 12.51 .2t. 10.2

144.02 1.049 140619
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TABLE C52

Fatigue Crack (rowth Data Associated

with rigure Gil (Specimen F8S2-B)

AUTOMATE0 FAT I GLE CR:ACr<
GROWsJT-H RATE ANALYS I S

Specimen Id. F8528 Geometry C(T)
Contract # 95874 Orientation S-L
Material IN905XL FG. Yield (ksl) 51.0
Temperature (F) 72 Modulus 10.1
Environment HUMID AIR

Specimen Dimensions (in)

Thickness 0.249 Notch depth 0.268
Width 1.498 Gage length 1.000
Height 9.000 Alpha ratio 1.250

Precrack Parameters

PmaK (IbS) 252.0 Stress ratio (R) 0.10
Final a (in) 0.514 Kmav 5. 19

Test Parameters

Initial a (in) 1.020 Initial K 12. c0
R-aracient 2.00 Stress ratio (P) 0.10

K CoePf EvB/P Coeff Analysis Codes

0 &P ,0O 0 1.0009e0 K;'P I 4
4 .6400o -4.669510

- 13 .3200F 18.460100
14. 7200C -2 b.824947

-5 .60 cc(" ZIld.80000
0.00(000n -143.570100

ViuaI Ot - vat ~rs

E.B/P Crack (Ev8/P) Crdck (visual) Error CAF
30. 19 0. 15 0.536 0.001 ,

37.06 0.60R 0.610 0.00z 0.11
q -

3q. 18 0.632 0.644 0. 012 1 .007
40.0, 0.641 0.6 0 0. 00 1.011
50.08 0.732 0.730 -. O? 1.040
65.10 0.827 0.817 -. 010 IC73

145.25 1.051 1.031 -. 020 1.15?
243.18 1.151 1.121 -. 024 1.l92
%1232.18 1.339 1.349 0.010

Comments

L3tP O test 04- IL4-11488
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TABLE C52 (Continued)

Specimen Id. F8S28 Page I

Prna. EB/P a N 64 6N W4/aN AX CCL &opff
(7051 ((n1 1XI 1 7) (XI) ( mh/cyC1 163I}Ir,)

141.70 .0546 14075
192 151.93 1.0608 !41 lq 0.01O 390 2.8080-05 12.77 .266 10.4:
191 155.32 1.0655 141166 0.0105 385 2.716E-05 12.94 .259 10.65
190 159.51 1.0712 141404 0.0092 382 2.401E-05 13.06 .259 10.75188 162.17 1.0747 141548 0.0082 326 2.509E-05 13.22 .259 10.89
187 165.87 .0794 141730 0.0097 363 2.661E-05 13.34 .239 71.29
186 169.91 1.0844 141911 0.0091 334 2,7220-05 13.48 .239 11.40184 173.39 .0885 142064 0.0082 279 2.927E-05 !3.62 .239 11.52
183 176.90 1.0925 142190 0.0086 292 2.94lE-0V 13.75 .239 11.63
182 180.99 1.0971 142356 0.0089 298 2.9861-05 13.88 .221 11.02180 185.03 1.1014 142488 0.0090 283 3.172E-05 14.03 .221 121.4
178 189.48 1.1061 142639 0.0116 311 3.723E-05 14.20 .215 12.39
177 196.49 1.1130 142799 0.0124 372 3.343E-05 14.37 .215 12.53
175 2.J2.31 Ii185 143011 0.0i00 355 2Z.827E-05 14.56 ,215 12.70
173 207.35 1.1230 143154 0.0046 280 3.422E-05 14.73 .202 )3.06171 211.14 1.1281 1432QI O,007 254 3.629E-OS 14.Bl .272 13.23
f9 218,76 1.1328 14348 , 0,012p 338 2.7890-05 I .1I -232 13.4167 22. 05 I1429 143(29 0.023 321 3.76C,-05 15.27 .:C2 !3.c4
It4 214,7 1.11451 14373, 0.0130 355 3.646E-05 15.56 .175 l.2.
112 247.07 .1539 14'q84 0.0131 363 3.A170-05 5.7) .1 ) 1 41160 6f I .15e, 1440q8 0.0794 2

?  
4. 144E-0 97 . 75 14..4

157 4 633 44211 0.0131 397 3.301E 75 16,11 .1'4 141 25.02 1.1713 1444
q
-
, 

0.0128 396. I.221-0-5 16.8P ,-4 .D7
I57 203.34 tn7) 144608 I. 201 4.5530 05 (.6.2 1 7 l%.21
I ) , I. 180. . ' 140 !,9 5-115 E-05 '6.78 -176 IE .6
14@ (8 3$,47 14476' 0.O751 16 5.c50[05 I ' . ; If76
148 V' 'I I l80" 1449',f 0.2' £ C81 %r'-W 17 7t t
d4, 38. '4Il~9 14 .1 36 5. IA 05 I .76 f,14 ' 7' I l 4 14'I 1 0.22.9! 140 5. 74'0 E 1 17 .49 . ),42 429' 0.02 144 5.

7
3' - 17. ' 76 1 4

14 ,. ' 2'57 I4",I' 0 0C 4 137 6. 121 ' 7.' .R4!
V.. .2 0 1'~ 3 1 6.' 1 .17' t & ,(4 'd 14<26 0.5310 ISO 6.00'[ 0' 18 l

)  
.124 .(

S .87 .12 1403'4 0.013 233 R. qO7f- 0 18.44 "741, 47' 1,' P2 C I45 2I 0.0 34 221 6.05,[-05 I .4 .1 '.
129 414 99I'26 74551

, 
0.07: 127 6.579-5 3f .QZ -,5 :7 .4126 414 91 1.2361 145644 0.0077 108 7.164E-05 19.11 .175 17.5-

l24 441.88 l.24' 145703 0.0087 118 7.419E-05 I9.2 175 .122 46 ,82 1.2448 14 762 0.0,3l 1 16 7.613E-05 19.49 175 1
120 483.95 1.24Q2 145919 0.03 4 104 8.060E-01 19.6 .174 I118 5r,',81 1.2 2 143965 O.i?291 95 8.615E-05 71.88 174 16
116 518.82 1.25'3 145414 0. C2 6 102 8.438E-05 20.07 174 18.4

114 Sq.67 1.2bi8 J45167 0.07qI 107 8.522E-05 20.8 174 18112 56.48 7.2AS4 146rZ1 0 CO. 3 108 8.619E-O5 20.50 174 I

117 C6.9 f; " ; I 1461C'7 0.0011 92 9.883E-05 20.72 172108 '1 62 I.2"s' 146113 0.0080 73 1.104E-04 20.92 17, ,
1S 9, Q3I. 14c, 1 O 0 .O8 C''7 1.0 - E-04 2 1.11 4123 3 ' 23 146 Cq 0 1'. 84 1I013E 04 22.33 7

101 ' 82 1 26' 7 146232 0. 0 4 76 1.071c [-4 21.54 172

' 6 14 2 61r 0.0
C
8'. 12 1.E[-04 21.76 1I7Z ze.01

' '41. 5 i.1 1 1 74'2104 0 0 86 25 1. 1)t -04 21.97 I f95 783.31 1.3003 1463A3 0.0084 76 1.099E-04 22.20 .172 ZC.4,
92 878.97 1.3045 146380 0,0107 79 1.3636 34 22.47 175 2 .EO
8? 889.63 1.3110 146422 0.0108 64 1.68:E-04 22.69 175 20, 887 Q23.37 1.3152 146444 0.0077 49 1.597t-04 22.98 .175 21.07
85 Q',.29 I.3188 146470 0.0073 49 1.481E-04 23.20 .175 21.27
83 Vl035.19 1,322' 146493 0.007 51 7.5480-04 23.42 .175 21.47
80 l1058.17 1.3267 146521 0,0095 55 1.554E-04 23.64 .175 21.67
77 11114.Q2 1.3310 146548 0.0120 53 2.280E-04 23.95 .175 21.95

17232.18 1.3387 146574

Sn
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TABLE C53

Fatigue Crack Growth Data Associated
with Figure G12 (L-T Orientation)

COMPFiCT TEnI:.OIH RT H/H=0.4 6 GENERRL DYNFICS
13 FORT WORTH DIVISIOt
IN905.L L-T OR!EiITFiTIoC SEPT 23,19S7
LRiB FIRPT

130 CF
R= 0.1 E= 0.4437 H= 2. 5S"

NO. TOTAL CRACK DRA/N CORR. STD. ERR MYAR DEL-K
CYCLES LENGTH COEFF OF EST. LORD

( IN) IH/CyC ) (LES) CKSI-_ORI.
5 9076 0.51 647 S."1
6 10491 0.850 651 5 S4
7 11905 0.853 642 5.30
8 14735 0.859 64? 5.8?
9 17353 0.864 649 5.90

0.855 1.75E-06 0.973 0.000 5 5.65
9 17358 O.S64 64? 5.?0

10 21216 0.870 64 5.92
11 2543 0.879 649 5.-M
12 28427 0.883? U4S E.01
13 30444 0. 892, E49 6. 0-:
14 3391S .M 6_? 6.0715, 37150 Dj. M0 64'? E. I0C

f.,5 2.18E-00E 0.997 A.= 7f ,. 0016 0 0.930 7.0 7.01
17 2000 0.933 731 7.07
18 3571 0.946 731 7.11'
19 4397 0.951 7-1 1.1-1
20C 6490 &M 72 7.v
21 739" 0.961 7'1 7.2'

0,947 4.0SE-_ 0.95E 0.01? 7.12
22 10703 0,979 71 7.2?
23 1211?: 0.975 730 7:.1
24 1457? 0. 730 ..-.

0.9$1 4.46E-06 0.?87 0.030 z 7.,-,
257 3';F 0.20 Sol- S- G.

17 2000 ,.9 7Soo 0.0-1

1. . Q 4 1 001. 201 E_- .
:I 090a. $0 E. 1- 1.--
32. 914i Go 1.1;F 3 -;

. '31 !0751

35 Soo 1.011"' 9.0-

25 2400 1,041 ST-2 9.11-:
37 3253 1.051 142 ?. i

1.0: 6.64E-06 0. ?: 0.1 4 ?.0

02



TABLE C53 (Continued)

COMPRCT TEHSIjH AT H,'W=0.43' GEHEPRFL 1DYHARHICS
10 FORT HORTH DI'.,'ISIOfl
II ?O5,,L L-T OPIEflTATIOt' SEPT 23, -,:7
LRB FI FIT

IS 0 CPtI
P= 0.1 B= 0.4437 1= 2.55 25

HO. TOTAL CRACK D /DH C'ORF:. ETD. EFZ, R 11 A' 1 E>-K
CYCLES LE'.. i- TH COEFF OF EST. LOAD

(IN) (I f/C,C) (LBS) (KSI-ORI
37 3353 1.01-1 862 . 9

33 4320 1.,059
3? 5257 1.064 862 9
40 6775 1.075 8r4 9.40
41 7791 1 0 803 447

1.O67 7.29E-06 .'-97 0.081 5 9.2
42 10. l~42 0 1.095 921= 10. I'

44 13 1.01921 10.l

445 1357 I. 107 9L2IY.]

:7 
-

47 2152 1. 120 2 ! J

4 -2739 1. 129 921 I

;1=  ' - ¢ :q 10 -"'"

1.114 1.O-05 _, -, . u 12 1.

? i12 1051j i- n

1..00 I134 1051- I '

- ! 1£ I 1I 2 -- --

C-- ?4" I I *! 4 I I 4-

- , s. * - .

-!* 4 - h - - -, " 1 C

4 -7, -79.

- 4 - -- " '7 - -

i. I4-: -2 .? -- ,C -' :,7 : : - ,:
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TABLE G53 (Continued)

COMPACT TEHSI OH AT H/W=0.4.6 GENERAL DYNAMICS
: FORT WORTH DIVIS:,"ION

IH905X L L-T ORIENTATIOH SEPT 23, 1987
LAB AIR,F.T

110 CPr'M
R= 0.1 E:= 0.4437 W= 2. 5525.

NO fOTAL CRACK DR/DN COFR. STD.ERR IA; -DEL-K
r'YCLES LEHGTH COEFF OF EST. LORD

(IN) (IH/CYC) <LBS) (KSI-SQPRI)
68 1.215 .1364 " 16.83
69 125 1.225 1364 16.99
70 206 1.227 1364 17.03
71 36: 1.234 1354 17.14

515 1. 1365 17.21
9 792 1.24, 1364 17. :;4

74 1007 1.252 1264 17.442,.3: 1364 17.475 1231 1.253 1364 17.5=

7r 145- 1. 2,,63 1:365 17.64
77 1737 1 .270 1364 17.75

1. 243 3.00 E-05 0.99 1 0 ..591 10 17.29c4
80 0 1.260 1,434 1 .4,>
01 100 1 .26 14., 6:E:.Eci

.. ,. 1.26. 1434 1 .,5
3 364 1.275 1434 1'..5
34 579 1.233 14.33 13.:9

1.271 .71E-Q5 0.9:3 C.590 .5 1-.7
92 ' 0 I. 32 1636 23.0593 :'0 1. 325 1685 23.2£':
94 142 1.333 1635 2. 4'0
95 219 i.33 1637
'. 30i4 1.34 .  1_53
9. i 136 73 J-' 4.2,.I -'=' I

.,~ I ,,: .. 41.2D.

l.347 9. 3.5 E-05 0i. "9'?': 2': , 2.

104 2:1 1 .0 .,,,. -

1 CIO 4-.

10511:: 1.412 '  0

I06 147 1.4 4 13 ., 4
1.'40" 1.99E-04 0.'?'? 4.724 - :

106 147 1.4 1? 7 : .
07 171- 1.4:. 12?

110 27 .44619 31 d
111 2?' 1.452 1'?'  :31 -9

t.485 2. 13E--04 1.0 .1L' 31 05
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TABLE C53 (Continued)

COMPACT TEIHSIOtI AT H/11=0. 486 GEHERAL BYlIAIICS
1-3 FORT NORTH DIVISION

I H905XL L-T ORIENTATIOl SEPT 23 1987
LAB AIRRT

1..,°8 CPM

R= 0.1 B= 0.4437 W= 2.5525

HO. TOTAL CRACK DA/DN CORR. STD. EFR r1 A> VEL-f\
CYCLES LENGTH COEFF OF EST. LOAD

(IH) (IH/CYC) (LBS) 0KSI-SQR I
112 0 .1.455 2083 32.04
113 12 1.457 200,4 32.15
114 36 1.465 2003 32.4P
115 54. 1.472 2003 32.* 76
116 72 1.479 2003 33.05

1.466 3.34E-04 0.997 9. 012 5 32.49
116 72 1.479 2003 33.05
117 90 1.465 2003 33.2:"
113 07 1 .493 00:3 . E-
119 22 1.50 6 :_4 .0
120 34 1.511 2003 34 .51

- I 493 9 . 08E-04 0.'M17 17.539 5 '-
121 8 1. 49 16
121 10 1.407 1660 2
123 20 1.483 1660 ,.
124 4 0 1.490 1G5:' 7 7
125 -n 1.49L2 16 5:--" :-:,

1.49? 1659 Z:
127 240 1.506 159 6 42

1 .49 ,. ..E 5 .... E C 1 .. , .-4 .
12 240 1.506 1659

128 305 1.51 ' 1659 .. -.

P, 416 1.52S 1659
121 466 1. 5" .5-1 " 584 1.543. 165? " 6 '

1 .$.E-04 0.994 "4 6 17

IZS 5 E 1.55: i 159 -:. '?

' 4 1,. i = i ,'5?A -
5?. 1.55 1 '

C. - 0. -
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TABLE G54

Fatigue Crack Growth Data Associated

with Figure G12 (T-L Orientation)

COMPACT TEHSION AT H/W=O.486 GENERAL DYHAMICS
19 FORT WORTH DIVISION
1905XL T-L ORIENTATION OCT 27,1987
LAB AIRRT

360 CPM
R= 0.1 B= 0.4435 W= 2.566

HO0. TOTAL CRACK DA/DN CORP. STD.ERR P1A> DEL-K
CYCLES LENGTH COEFF OF EST. LOAD

(IN) (IN/CYC) (LBS' (KSI-SQRI)
8 5967 0.850 440 3.92
9 8011 0.855 439 3.93

10 10429 0.856 439 3.94
11 15265 0.865 440 3.97
12 18734 0.870 439 3.9:3
13 23503 0.877 439 4.00
14 27786 0.887 439 4.04

0.866 1.62E-06 0.994 0.000 7 3.97
15 0 0.886 530 4. -:7
16 1200 0.888 530 4 E:::-.
17 36 00 0.895 5:31 4.91
18 5731 0.902 529 4.93
19 7854 0.906 532 4.9720 106'94 0.915 531 5.00

21 12813 0.922 530 5.02
22 14708 0.925 530 5.04
23 18498 0.938 530 5 .09
24 20428 0. 946 531 5.13

J. 912" 2. 8 8E-C066 C,.999 0.003 1 4.9
25 0 0.941 1 5
- 800I 0.940 610 5."7

1600 0. 943 1 5.' ?
, 043 C0.95 50 6 Ci0 5.92

4 4348 0. 956 611 5.96
O 5900 0.964 612 6.01

31 7192 0.969 611 6. 0,:o'7 601 0i. 977 611 6.0E7
% 9792 0. 983 611 6.1 0

E,4 11132 . c.147.. 19QI 1
-51 193 0 97 611 6. 17

0. 965 4.76E-06 0. 996 0.016 11 6.C0
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TABLE C54 (Continued)

COMPACT TESION AT H/W=0.486 GENERAL DYNAMICS
19 FORT WORTH DIVISION
IH905XL T-L ORIENTATION OCT 27, 1987
LAB AIR,RT

360 CPM
R= 0. 1 E:= 0.4435 W= 20566

NO. TOTAL CRACK DR/DN CORR. STD.ERR MAX DEL-K
CYCLES LENGTH COEFF OF EST. LOAD

(IN) (IN/CYC) (LBS) .KSI-SQRI)
36 0 0.991 680 6.84

37 500 0.990 680 6.82

38 1000 0.993 680 6.85

39 .1862 0.999 681 6.89
40 2871 1.005 680 6.92

41 3846 1.014 E61 6.98

42 4602 1.021 681 7.02

43 5253 I. O25 E._-, l 7.04

44 6307 1.035 7.10

45 6966 1. 039 680 7.12
46 8130 1.048 681 7.19

1.015 7.49E-06 0.996 0.0:39 11 6.98

47 0 1.056 740 7 .8
43 40CI 1.055 740 7.85

49 800 1.060 . 10 7.89

50 1311 1.064 741 7.92
51 2119 1.072 73' 7.97

52 2784 1.078 740 8.
5 :406 1.086 740 8. 07

54 -948 1.093 740 8. 12

55 4455 1.096 740 8.15

56 5450 1.108 740 8.23

1.077 9.99E-06 0.995 0.078 10 8.01

57 0 1.101 802 8.86

S :30 1. 094 802 8.80
5? 600 1.1l00 802 8, .:6

60 905 1. 10:3 801.:-

61 1490 1.113 802 .6
62 1903 1.119 803 9. l

63 12334 1. 12 I:-
64 2'-31lo 1. 133'.: 80 9 12'

65 :2: 4 1. 8 I: "" -
86 3-' 1. 145 ,:UH.-

6T 4044 1. 151 c' 19.-t
t, 4456 1,.158 L. .",

69 4894 1.163 L1 9.I

I -',b 1.42E-05 0. . 99 3 0. 1 4 1 9 .
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TABLE G54 (Continued)

COMPACT TENSION AT H/1W=0.486 GENERAL Di'U'riMICS
19 FORT WORTH DIVISION
IN905 XL T-L ORIENTATION OCT 27, 154 -, 7, 7'
LAB AIRRT

:3 60 CPM1
R= 0.1 B= 0.4435 W= 2. 566

NO. TOTAL CRACK DA.DN CORR. STD.ERR MAX DEL-K
CYCLES EHGTH COEFF OF EST. LOAD

'IN) (IN/CYC) (LBS) (KSI-SQRI'l
70 0 1.161 853 9.94
71 150 1. 161 852 p.94
7" 450 1.167 852 ;.98
73 798 1.171 852 10.03
74 13?1 1.181 852 10.12
75 1648 1BE 852 10.16
f _?077 1. 193 85 10.20
77 2493 1.203 854 10.33
S 76f7 1.206 854 l3

79 3285 1.215 851 10.43
1.184 1.69E-05 0.990 0.187 10 10.15.. 1. . 711

80 0 1.206 882 10.71
81 150 1.205 882 10.70
82 300 1.206 8H, 10.72
e3 600 1. 21o 8 10.77
84 895 1.,218 88 10.83
6;5 1264 1. 226 88 10.9,
86 1575 1 .3- 881 I0 9
87 1875 1.3-Is 88 E, 11 . 3

88 2186 1.244 882 11.09
89 2534 1.251 8 1 11.16
90 285 6 1.259 88- -9.25

91 3115 1. 263 8 2 11 .31
1.30 1.94E-05 0.997 0.1 1210.95

'2 0 1.266 .
13 10 1 1I6 f' 11.87

94 300 1.271 7 I I -

9 5 58"4 1-924 12 .2
821 .5 24 12 .9

97 1094 1 2'.4 12.1
9 '4 15 1.:". 12.-4

18 6 E -E-05 0 .9 Q0.29 1.1
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TABLE G54 (Continued)

COMPACT TENSION AT H/,=0-486 GE.ERAL DYNAMICS
19 FORT WORTH DIVISION
IN905XL T-L ORIEtITATTOtl OCT 27, 1987
LAE AIR,RT

360 CPM
R= 0.1 B= 0.4435 W= 2.566

tio. rOTAL 'CRACK DA/DN CORR. STD. ERFR MAX DEL-K
CYCLES L.ENGTH COEFF OF EST. LOA]D< I) W IN/CYC) (LBS) KS I-SQR I

101 0 1.311 1014 13.6 62
102 100 1.319 1013 13.72
103 183 1.322 -101:3 13. 7104 333 1. 327 1013 13.83
t05 547 1.335 1013 13.95
.06 718 1.342 1013 14.0
.07 867 1.348 101 14.13
0:3 043 1.354 1013 14.24

109 211 1.361 1014 14.
I .. ,3 3.96E-05 0.998 0. 4':5 9 13.97

1 I0 0 1. 356 1093 15.40
111 75 1.363 1093 15.51
112 149 1.368 1091 15.53
113 235 1.373 1092 15
114 115.7
115 470 1.38, 1093 15.90
11 589. 1. 1 -6
117 696 1. 406 1092 16.16
1 1:3 792 1.406 1 16..7•9 .0- 1 6 "2 "
119 895 1.412 1092 16.:38

1. 38 3 6.05E-05 0.7,59 75 10 15.87
120 0 1.396 1155 17.01
1 1 50 1.403 1154 17.13

2 97 1.406 1153 17. 1
1 1. 413 1155 17

1 - 270 1.421 1 17.49
1 342 1.427 1154

1Z 40? 1.435 i 47
i 1.7 470 1.43, 1154
1 .:: 574 I. 443:- 1154 1.EOT
12? 146 . 454 1155 13.24
l0:g 712 1.461 1154 13.3"

1. 427 C.0E -- 0 .'??? 1 42:: 11 1 ,. 5
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TABLE G54 (Continued)

13s 10 ls 41

132 25 1.443 1202 18.74

133 75 1.451 1202 18.9
134 120 1.456 1202 19.03

135 171 1.462 1203 19.20

136 223 1.471 1203 19.42

137 261 1.476 1203 19.53

138 311 1.484 1203 19.73

1 °- 353 1.489 1204 19.39

140 403 1.496 1204 20.07

141 452 1.503 12 U3 20.25

1.470 1.39E-04 1.000 2.545 11 19.41

142 0 1.491 1405 23.27

143 20 1.497 1406 23.45

144 43 I. 15405 23.72

145 60 1.512 1402 23.$

146 77 1.517 1405 24.10

147 97 1.524 1402 24.29

148 116 1.530 1401 24.46

149 137 1.537 1404 24.77

150 156 1.543 1404 .01

151 174 1.552 1403 25.30

1.521 3.44E-04 0.999 6.845 10 24.23
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W4CDO1PNALjL AIRwcRAFTY COI"VA.V

WOL 1 & 2 (L-LT)
0 DENTES T"AT DATA POINT 13 DVALXD PER ASlil 047-63. PARAGRAPH 6.8.4.

1000.0-
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Figure G15 Mini-TWIST Spectrum Fatigue Crack Growth Rata Data.

Air Force.
97



TABLE G59

Mini-TWIST Spectrum Fatigue Crack Growth

Rate Data Associated with Figure G15.

MATERIAL IN905XL
FORM :FOR61NG
ORIENTATION LT
TEST CONDITION LAB AIR
TYPE SPECTRUM MINI TWIST

SPECIMEN 10 :SP-B1
DA~TE :4-1-88

WIDTH, W =3.912 INCHES
THICK. B - 0.25Z INCHES

MAX SPECTRUM STRESS -16.9 KSI

POINT CRACK (2a) TOTAL K-MAX Da/dF
# (INCHES) FLIGHTS KSI SQR( IN) 10^-G IN/FLT

0.516 1

15.76 24.52
2 0.565 1000

I6.55 28.00
3 0.621 2000

17.50 38.00
4 0.697 3000

18.6? 42.00
S 0.781 4000

19.74 40.50
6 ). 8GZ sew0

20.97 52.50
7 0.967 6000

22.57 71.S0
8 1.110 7000

24.5? 79.00
9 1.768 8000

213.49 74.50
10 1.417 9000

28.69 91.00
11 1.599 10000

31.21 91.00
12 1.781 11000

34.52 130.50
13 2.04? 12000

38.76 121.00
14 2.Z84 13000

68.08 Sb0.11
1s 4.000 14682

----------------------------------------------------
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APPENDIX H

AL905XL Precision Forging

INTRODUCTION

The AL905XL forging was received the second quarter of 1989. All the
participants tested the material in the as received condition. Figure H1 shows

the geometry of the AL905XL back-up fitting precision forging.

TESTING

Basic mechanical properties (tension, compression, bearing, etc.) were

tested according to ASTM standards, unless otherwise specified.

Constant amplitude fatigue crack growth tests were conducted according
to ASTM E647 standard. The growth rate a-N data that were generated by the

participants (Northrop, McDonnell Aircraft Company and Air Force) were
reduced using a seven-point incremental polynomial method. This involves
fitting a second-order polynomial (parabola) to sets of seven successive data

points. The data are also checked against size requirements per ASTM E647,

Section 7.2. Northrop also performed two constant amplitude fatigue crack

growth tests using a K-decreasing method.

Spectrum fatigue crack growth tests were performed by the Air Force
using FALSTAFF (a severe fatigue environment) and Mini-TWIST (a moderately
intense fatigue environment) spectrums.

Stress Corrosion tests were performed by Wyman Gordon and the results
are shown in tabular form.
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TABLE HI

TENSILE RESULTS FOR

INCOMAP AL905XL DIE FORGING

COMPANY TEST ORIENT- ULTIMATE YIELD ELONG RA E
TEMP ATION STRENGTH STRENGTH (%) (%) (MSI)

(DEGREES F) (KSI) (KSI)

AIR FORCE RT LONG 79.0 70.9 24.0
77.3 67.8 16.7
76.9 71.7 9.9 22.6

LTV RT LONG 74.7 66.7 12.0 13.4
74.5 67.5 7.7 13.2
75.0 67.7 11.6 13.1

MCAIR RT LONG 75.0 66.0 11.0 22.1 11.3
75.5 66.5 11.0 20.0 11.9
75.0 65.5 11.0 17.8 10.6

WYMAN-GORDON RT LONG 75.2 67.8 9.0
73.6 62.8 12.0
73.2 64.2 11.0

NASA-LANGLEY RT LONG 76.7 67.7 9.0 11.3
76.1 67.9 9.0 11.3
77.1 68.7 8.8 11.3

MCDONNELL RT LONG 73.5 65.7 13.0
DOUGLAS 72.5 64.1 13.0
HELICOPTER 73.3 62.1 12.0

MARTIN RT LONG 75.3 64.3 12.0 18.3 11.6
MARIETTA 75.3 65.0 12.0 23.2 12.0

72.9 61.2 12.0 24.1 11.6

NORTHROP RT LONG 76.1 66.8 10.2 27.8 12.1
76.0 66.9 7.8 18.9 11.8
76.1 67.1 8.6 18.3 11.7

AVERAGE 75.2 66.4 10.6 21.1 11.9

STANDARD DEVIATION 1.6 2.5 1.6 3.3 0.8
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TABLE H2

TENSILE RESULTS FOR

INCOMAP AL905XL DIE FORGING

COMPANY TEST ORIENT- ULTIMATE YIELD ELONG RA E
TEMP ATION STRENGTH STRENGTH (%) (%) (MSI)

(DEGREES F) (KSI) (KSI)

AIR FORCE RT L TRANS 72.0 60.4 8.7 20.8
72.5 62.4 8.7 16.6
71.1 58.1 8.3 16.7

LTV RT L TRANS 71.8 61.2 8.0 13.1
61.3 72.2 8.8 12.8
71.4 58.9 8.4 12.9

MCAIR RT L TRANS 72.5 60.0 9.0 13.6 11.2
72.5 60.0 9.0 16.5 11.2
73.0 60.0 7.0 13.8 10.5

WYMAN-GORDON RT L TRANS 72.0 60.8 8.0
72.2 57.2 8.0
72.3 60.1 8.0

NASA-LANGLEY RT L TRANS 73.5 60.5 7.5 11.2
73.5 60.5 7.1 11.2
73.1 59.2 8.8 11.2

MCDONNELL RT L TRANS 68.0 57.0 7.0
DOUGLAS 67.3 53.7 7.0
HELICOPTER 71.3 62.6 12.0

MARTIN RT L TRANS 72.4 58.7 11.0 17.6
MARIETTA 71.8 60.2 11.0 13.9

71.7 56.8 12.0 16.1

NORTHROP RT L TRANS 72.9 58.5 8.6 18.3 11.5
73.9 60.4 6.2 14.4 11.2
74.4 61.3 9.4 14.4 11.7

AVERAGE 71.6 60.0 8.6 16.1 11.6

STANDARD DEVIATION 2.7 3.2 1.5 2.2 0.8
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TABLE H3

TENSILE RESULTS FOR

INCOMAP AL905XL DIE FORGING

COMPANY TEST ORIENT- ULTIMATE YIELD ELONG RA E
TEMP ATION STRENGTH STRENGTH (%) (%) (MSI)

(DEGREES F) (KSI) (KSI)

AIR FORCE RT S TRANS 72.6 58.6 6.4 12.3
72.5 59.4 5.3 13.8
72.4 59.5 3.9 7.8

LTV RT S TRANS 69.1 56.4 3.1 13.3
71.2 58.4 5.3 13.9

69.4 56.0 3.1 14.3

MCAIR RT S TRANS 70.5 61.5 5.0 7.9 13.4
71.5 58.5 7.0 12.4 10.8
71.5 59.0 8.0 14.8 10.9

WYMAN-GORDON RT S TRANS 69.6 54.4 6.0
70.0 56.0 8.0
70.6 56.1 7.0

NASA-LANGLEY RT S TRANS 70.4 56.3 4.9 11.2
70.6 55.7 4.8 11.2
70.8 55.3 4.8 11.1

MCDONNELL RT S TRANS 67.7 54.5 11.0
DOUGLAS 68.0 54.0 10.0
HELICOPTER 68.7 55.6 10.0

MARTIN RT S TRANS 68.3 57.1 4.0 7.0 11.7
MARIETTA 70.2 54.7 5.0 5.5 11.5

68.4 54.9 5.0 4.0 11.5

NORTHROP RT S TRANS 72.4 59.4 7.8 17.8 11.2

71.1 57.6 7.8 9.7 11.5
71.5 57.9 7.8 16.5 11.3

AVERAGE 70.4 57.0 6.3 10.8 11.9

STANDARD DEVIATION 1.5 2.0 2.2 4.5 1.2
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TABLE H4

COMPRESSION RESULTS FOR

INCOMAP AL905XL DIE FORGING

COMPANY TEST ORIENTATION COMPRESSIVE COMPRESSIVE
TEMPERATURE YIELD STRENGTH MODULUS
(DEGREES F) (KSI) (MSI)

LTV RT LONG 72.5 11.8
73.9 11.7
73.3 12.2

MCAIR RT LONG 64.0 9.9
66.0 10.3
56.5 9.4

WYMAN-GORDON RT LONG 64.4
70.0
70.6

NASA-LANGLEY RT LONG 70.5 11.5
70.3 11.5

MARTIN RT LONG 70.4
MARIETTA 72.0

70.4

NORTHROP RT LONG 70.9 11.8
70.4 11.7
67.1 11.8

AVERAGE 69.0 11.2

STANDARD DEVIATION 4.3 0.9
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TABLE H5

COMPRESSION RESULTS FOR

INCOMAP AL905XL DIE FORGING

COMPANY TEST ORIENTATION COMPRESSIVE COMPRESSIVE
TEMPERATURE YIELD STRENGTH MODULUS
(DEGREES F) (KSI) (MSI)

NASA-LANGLEY RT L TRANS 56.4 11.5
55.3 11.4
55.9 11.5

AVERAGE 55.9 11.5

STANDARD DEVIATION 0.6 0.1

TABLE H6

COMPRESSION RESULTS FOR

INCOMAP AL905XL DIE FORGING

COMPANY TEST ORIENTATION COMPRESSIVE COMPRESSIVE
TEMPERATURE YIELD STRENGTH MODULUS
(DEGREES F) (KSI) (MSI)

LTV RT S TRANS 58.5 11.8

58.8 11.6
60.5 12.2

MCAIR RT S TRANS 54.0 10.4
53.5 9.6
64.0 10.4

WYMAN-GORDON RT S TRANS 60.6
63.1
61.5

MARTIN RT S TRANS 57.1

MARIETTA 58.2
57.1

NORTHROP RT S TRANS 56.9 11.7
57.8 11.8
58.1 11.8

AVERAGE 58.6 11.3

STANDARD DEVIATION 2.9 0.9
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TABLE H7

AMSLER DOUBLE SHEAR RESULTS FOR

INCOMAP AL905XL DIE FORGING

COMPANY ORIENTATION SHEAR
STRENGTH

(KSI)

LTV L - S 32.8
33.1
36.5

NASA-LANGLEY L - S 42.3
41.1
41.6

MCDONNELL DOUGLAS L - S 41.4

HELICOPTER 41.5
41.7

NORTHROP L - S 39.1
41.2
41.9

AVERAGE 39.5

TABLE H8

PIN SHEAR RESULTS FOR

INCOMAP AL905XL DIE FORGING

COMPANY ORIENTATION SHEAR
STRENGTH

(KSI)
------------------------------------------------------------------------

MCAIR L - S 42.2
40.6
42.0

WYMAN-GORDON L - S 40.4
50.0
40.2

AVERAGE 42.6

STANDARD DEVIATION 3.7
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TABLE H9

BEARING RESULTS FOR

INCOMAP AL905XL DIE FORGING

COMPANY ORIENTATION e/D BEARING BEARING
ULT. STR. YIELD STR.

(KSI) (KSI)

LTV LONG 1.5 100.7 88.7
96.0 91.4

MCAIR LONG 1.5 101.4
100.2

WYMAN-GORDON LONG 1.5 103.1
99.2

NORTHROP LONG 1.5 101.6 91.3
98.5 89.1

AVERAGE 100.1 90.1

STANDARD DEVIATION 2.2 1.4

TABLE H10

BEARING RESULTS FOR

INCOMAP AL905XL DIE FORGING

COMPANY ORIENTATION e/D BEARING BEARING
ULT. STR. YIELD STR.

(KSI) (KSI)

LTV LONG 2.0 125.2 101.2
122.3 100.5

MCAIR LONG 2.0 129.8 127.8

133.2 129.4

WYMAN-GORDON LONG 2.0 127.6

122.5

NORTHROP LONG 2.0 134.9 107.1
133.1 106.6

AVERAGE 128.6 112.1

STANDARD DEVIATION 5.0 13.1
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TABLE HIl

FRACTURE TOUGHNESS RESULTS FOR

INCOMAP AL905XL DIE FORGING

COMPANY ORIENTATION KIC Kq COMMENT
(KSI in^0.5) (KSI in^0.5)

AIR FORCE L-T 27.1 VALID
23.6 VALID

LTV L-T 28.9 VALID
27.7 VALID

MCAIR L-T 27.1 INVALID(l)
29.9 VALID

WYMAN-GORDON L-T 29.5 VALID
28.9 VALID

MCDONNELL L-T 31.1 INVALID(2)
DOUGLAS 29.9 INVALID(2)
HELICOPTER

MARTIN L-T 31.2 VALID
MARIETTA 30.8 VALID

NORTHROP L-T 29.1 VALID

29.9 INVALID(2)

AVERAGE 28.7 29.5

STANDARD DEVIATION 2.2 1.7

(1): DIFF. BETWEEN SURFACE CRACK LENGTHS > 10% OF AVERAGE CRACK LENGTH
(2): Pmax/Pq EXCEEDED 1.10
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TABLE H12

FRACTURE TOUGHNESS RESULTS FOR

INCOMAP AL905XL DIE FORCING

COMPANY ORIENTATION KIC Kq COMMENT
(KSI in^0.5) (KSI in^0.5)

AIR FORCE T-L 22.3 VALID

21.3 VALID

LTV T-L 19.0 VALID

19.1 VALID

MCAIR T-L 25.7 VALID

24.0 VALID

WYMAN-GORDON T-L 22.2 VALID

20.4 VALID

MCDONNELL T-L 28.2 INVALID(l)
DOUGLAS 29.0 INVALID(l)

HELICOPTER

MARTIN T-L 23.1 VALID
MARIETTA

NORTHROP T-L 24.1 VALID

25.4 VALID

AVERAGE 22.4 28.6

STANDARD DEVIATION 2.3 0.6

(1): Pmax/Pq EXCEEDED 1.10

In9



TABLE H13

FRACTURE TOUGHNESS RESULTS FOR

INCOMAP AL905XL DIE FORGING

COMPANY ORIENTATION KIC Kq COMMENT
(KSI in^0.5) (KSI in^0.5)

AIR FORCE S-L 21.2 VALID

LTV S-L 20.5 VALID

20.6 VALID

MCAIR S-L 24.9 INVALID(l)

WYMAN-GORDON S-L 21.8 VALID
20.9 VALID

MARTIN S-L 22.9 VALID
MARIETTA 23.6 INVALID(2)

AVERAGE 21.3 24.3

STANDARD DEVIATION 0.9 0.9

(1): DIFF. BETWEEN SURFACE CRACK LENGTHS > 10% OF AVERAGE CRACK LENGTH
(2): PRECRACK LENGTH TOO LONG, a/W=0.6
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TABLE H14

FRACTURE TOUGHNESS RESULTS FOR

INCOMAP AL905XL DIE FORGING

COMPANY ORIENTATION KIC Kq COMMENT
(KSI in^0.5) (KSI in^0.5)

AIR FORCE S-T 26.1 VALID

22.3 VALID

LTV S-T 21.1 INVALID(1)

24.6 VALID

MCAIR S-T 27.2 INVALID(2)
25.2 INVALID(2)

WYMAN-GORDON S-T 22.6 VALID

22.9 VALID

MCDONNELL S-T 29.5 INVALID(3)

DOUGLAS 26.2 VALID

HELICOPTER

MARTIN S-T 24.2 VALID

MARIETTA 24.2 VALID

NORTHROP S-T 26.2 VALID
24.1 VALID

AVERAGE 24.3 25.8

STANDARD DEVIATION 1.5 3.6

(1): CRACK SYMMETRY OUTSIDE LIMITS

(2): DIFF. BETWEEN SURFACE CRACK LENGTHS > 10% OF AVERAGE CRACK LENGTH

(3): W,B > 2.5(Kq/YS)**2
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TABLE H15

FATIGUE RESULTS WITH R=0.1 AND Kt=1.0 FOR

INCOMAP AL905XL DIE FORGING

COMPANY ORIENTATION STRESS CYCLES
(KSI)

MCDONNELL LONG 50.0 12,300
DOUGLAS 45.0 29,200
HELICOPTER 42.5 133,200

41.0 467,400
40.0 146,500
39.0 1,346,200
38.0 10,685,100 *

35.0 14,455,400 *

11 3



1/2

AK (MPa-m 1

10_3 10 100

-2

AL905XL FORGING 10
£ ZOF1 NORTHROP 10 HZ
® #31 MCAIR VAR FREQ
+ LT12 AIR FORCE 30 HZ

1-4. x LT13 AIR FORCE 25 HZ o
-- 3

- 10

uJ 10 -E

C E
E

10-6 ._

-66

10

-Z10

R= 0.10

-8 _-75 0F (24- 0 C
10

L-T

1010

1R 10 0.10

AK IKS[-i n 1/

Figure 13 Fatigue Crack C:rowth Rate D~ata for A1,9O5XL Forging

(,-T Orientation). Northrop, MCAR, and Air Force.

114



0 0 10 m0 10 0 10 10 0 0 0 101 0 0 Ma 01 In 0, In Mn On anInI . a0 0 a, 0 .01 a,"

0 000 0 0 0; 0 C;0 00 0 0 0 0 00C;00 C 0 0 0 0 0 C C

In - n v 0 l 01 0 01 - In W ~ M co M ID 1 0 0 m~N 01 -
In 1010.01 .N00110 lon -N

010 N1 N N 1 N2'0 -1.I
01 ~ ~ ~ ~ WM I m1 00'I mmc.I)010 0 00N 1010 NN Iaa-0010

N ~ ~ ~ . . . . . . . . ..i~ ' l 'l 1"1 ~ ~ C C C C n0

uN O 0 N0 0 N 0 I.C 1L C

01 1 1 1 1 1 1 1 10 0 0 0ql000011v000000
01 01 1 10 0 .1 0110 .1 .1 .1 .1 0110 01 1 10 0 .C . 01 0 010 . . 01 . .. . .

In 0. NL
1-4 -n -- -

L~~ Wv v q O O O O O O O O O O O O O O O O C

a -4

41. If) a, 0 In.~1N10 1~0 1. 01.0 1'1N.1 O C 1'(.

- - ,-- 01 CCC

0 0 I.. 1

E 10ifl M 0 Z-M- -
W *'-' c. 0o

E-D a o o I

- 0
LA X C C 1 1 1 01 0 0 00 0 0 00 0 0 10 0 ' 010C Cc .Ac

a)(J ) 0 II C)

2n C)M L c 0 o -.. N N N NN N N N CI '

0 0 m 'C0 0Na w0C 1 01 N

o0o 0oo QaQooo o c 0 o o I00UN00C0011N.,

am 01 101 10 @01 10 N0 010 qN1a-Nr1I0.~ ~~~ ~ ~~~~~ .- .1 .t .) .. . .11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 .CI.

I rj - ~ .- 0 I 10 01 10 01 1 10 01 10 01 10 0 01 10 01 1'1>

C ~iC LI010 010 010 010 01 101 101 101 101 101 101'01'C



0 0 000 00 0 0

0 1 0 -, 0 0 C)

4 44'0' C CCI

0010

~O'OI01116



TABLE H17

MCAIR Fatigue Crack Growth Rate Data

Associated with rigure H3

Eeven -OiFnt Ircremerzai Folvncmr ial Netr=z me- ASTM Eb47

ut- :- 1 991

S:ecuimen Numre-: ! Scecimen Tyoe: CT

&= o,.25(C' in W= 1.5 '7 in A-,= :Z. ':)

Fma := . Ibs Pm1= ,Q.0 1 ts

F,= (). 1Freauency= (.0 Z h-.

Test Tempera-ure =  75 F Ervi ronmert= Lat Air

PT CYCLES Ameas Areg MCC Delta K da/d!1

I 117 58 0.5710
2 129 08 0.5900

3 138 56 0.6100

4 151.58 0.6300 0.6338 0.995045 6 17 .2416E-05
5 158.58 0.6490 0.6505 0.996549 6.34 .2864E-05

C 161.58 0.6600 0.6580 0.99Q323 6 42 .3048E-05
7 171.08 0.6900 0.6914 0.999610 6.80 .3739E-05
8 175 78 0,7100 0.7093 0.999313 7.01 .4140E-05
9 180.28 0.7290 0,7284 0.999470 7.25 .4580E-05

10 185 18 0 7500 0 7519 0.999424 7.56 .5088E-05
1, 188 58 0.7700 0.7692 0.999524 7.81 .5585E-05
12 192 06 0.7900 0.7893 0.999451 8.11 .6242E-05
13 195 48 0.8100 0.8114 0.999038 8.47 .7091E-05

14 198 08 0.8300 0.8298 0.999649 8.78 .7965E-05
15 200.58 0.8500 0.8503 0.999758 9 15 .9148E-05

15 202 68 0.8700 0.8703 0.999697 9 55 .1037E-04
17 204.48 0.8890 0.8893 0.99943 9.95 .1162E-04
18 206 18 0 9100 0.9099 0.999856 10,41 .23108-04

19 201.68 0.9300 0.930 0.999903 10 91 .1463E-04
2C 209 08 0,9510 0.9515 0.999939 11.48 .1616E-04

2. 213 18 0 9700 0.9698 0.999971 12.01 .1750E-04
12 211 33 0 9910 0 9915 0-998298 12 66 19938-04
21 2:2 33 1,0100 1 0105 0.998221 13 35 .2273E-04
24 213 2- 1,0300 1.0325 0 99880t 14.18 2550E-04
25 2.3 87 1.0502 1 0483 0 99917' 14 84 .3034E-04
25 214 5" 1.0700 1.070- 0 999181 15 85 .35'8E-04
27 215 12 1.0900 1 0912 0.999194 16 89 3993E-04

28 715,!- 1 1100 1 109' C 99903 17 92 4243E-04

25 215.02 1 1310 1.13:. 0 998853 19 19 471E-C4
30 215 42 1 1500 1.14 ; 0 99425; 2 50 .5414E-04

3! 216 87 1 1?C0 1. 173 0 988422 22 47 .7355E-04
32 217 17 1 1910 1 1954 0 988397 24 43 9967E-D4

3i 21> 3' 1 2120
34 2' 49 1 2310

35 21' 59 I 25 -

ATA ',." .... 13 ~ I8EE7

.--J S:ZF RE1 :REME T7
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Figure H5 Fatigue Crack Crowth Rate Data for AL905XL Forging

(T-L Orientation). Northrop 10Hz, MCAIR Var lz and

Air Force 30 Hz.
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TABLE H21

MCAIR Fatigue Crack Growth Rate Data
Associated with Figure H5

Seven Point Incremental Polynomial Method per ASTM E647

06-03-1991

Specimen Number: 33 Specimen Type: CT

B= 0.2490 in W= 1.6020 in An = 0.0000

Pmax= 200.0 lbs Pmin= 20.0 lbs

R= 0.10 Frequency= 0.00 hz.

Test Temperature= 75 F Environment = L , Air

PT CYCLES Ameas Areg MCC Delta K da/dN
---------------------------------------------------.-.---

1 0.00 0.401C
2 95.00 0.4200
3 180.00 0.4390
4 275.00 0.4600 0.4612 0.999766 3.11 .2567E-06
5 345.00 0.4800 0.4795 0.999758 3.20 .2811E-06
6 415.00 0.5000 0.4997 0.999760 3.31 .3116E-06
7 480.00 0.5200 0.5208 0.999723 3.42 .3440E-06
8 538.00 0.5410 0.5411 0.999952 3.54 .3777E-06
9 588.00 0.5610 0.5605 0.999847 3.65 .4172E-06

10 634.00 0.5800 0.5804 0.999837 3.77 .4556E-06
11 677.00 0.6000 0.6005 0.999819 3.89 .5026E-06
12 714.00 0.6200 0.6194 0.999888 4.01 .5517E-06
13 751.00 0.6400 0.6408 0.999863 4.16 .6002E-06
14 782.00 0.6600 0.6600 0.999829 4.29 .6477E-06
15 811.00 0.6800 0.6792 0.999827 4.43 .6968E-06
16 841.00 0.7000 0.7008 0.999666 4.60 .7615E-06
17 866.00 0.7200 0.7200 0.999794 4.76 .8258E-06
18 890.00 0.7400 0.7400 0.999561 4.93 .9255E-06
19 910.00 0.7590 0.7590 0.999540 5.10 .1029E-05
2C 930.00 0.7790 0.7800 0.999647 5.30 .1169E-05
2: 947.00 0 8010 0.8005 0.999796 5.51 .1318E-05
22 961.00 0.8190 0.8194 0.999756 5.72 .1478E-05
23 975.00 0.8410 0.8411 0.999745 5.97 .165E-05
24 987.00 0.8610 0.8613 0.999567 6.22 .1875E-05
25 996.50 0.8800 0.8796 0.999109 6.47 .2121E-05
26 1001.00 0.9010 0 9025 0.999129 6.80 .2500E-05
2' 1014.00 0.9200 0 9202 0.999536 7.08 .2842E-05
26 1020.50 0 9390 0.9390 0.999221 7.39 .3320E-05
29 1026.60 0.9600 0 9601 0.998830 7.78 .3910E-05
30 1032.00 O.A800 0.9818 0,999380 8.21 .4601E-05
31 1036.00 1.0010 1.0006 0.999523 8.62 .5327E-05
32 1039.50 1.0200 1.0198 0.999362 9.07 .6184E-05
33 1042.80 1.0400 1.0411 0.998640 9.62 .7291E-05
341 045.60 1.0610 1.0617 0.998547 10.21 .8865!E-O35 1047.70 1.0800 1.0806 0.999313 10.81 .10!0E-04
356 1049 50 1.09;0 1 1002 0.999763 11.49 .1202E-04
37 1051. !C 1.12.0 1 1203 0.999780 12.26 .13!5E-04
38 IC52 5C 1.1413 1 1403 0.998951 13 12 .15f7E-04
39 063 8 I 16IC 1 1612 0 996900 14 14 .18f:E-04
4- Y!4 S2 2180 2.1816 0 99-86 1.25 22 7-,'04
4' 10!' 6 073 1 20:0 0 999515 16 45 27 3E-04
420:306 41 1 2 2209 0 998 8 17.84 137fF-,4
42 C 7 C 1 24') 1 2405 0 c95631 19 42 .4:6E-4
44 5,- 5- i 21
45 05? 91 1 1 '?
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TABLE 1123

Air Force Fatigue Crack Growth Rate Data

Associated with Figure H5

Seven Point Incremental Polynomial Method per ASTM E647

08-14-1991

Specimen Number: TL15 Specimen Type: CT

B = 0.2497 in W = 1.5980 in An = 0.0000

Pmax= 100.0 lbs Pmin =  10.0 lbs

R= 0.10 Frequency = 30 hz.

Test Temperature= 72 F Environment= LAB AIR

PT CYCLES Ameas Areg MCC Delta ( da/dN
(x1000) (in )

1 405.63 0 7269

2 448.08 0.7369
3 493 04 0 7469

4 532 07 0.7569 0 7568 0 999881 2.54 .2544E-06
5 572 01 0.7669 0.7670 0.999951 2.59 2682E-06

6 607.59 0.7769 0.7768 0.999910 2.64 .2846E-06
7 842.4 0.7869 0.7869 0.999961 2.69 .3023E-06

8 675.29 0.7969 0.7970 0.999928 2.74 .3235E-06

9 705 28 0.8069 0 8068 0 999961 2.80 .3488E-06
10 733.74 0.8169 0.8170 0 999972 2.85 .3730E-06
11 759 93 0.8269 0.8270 0.999982 2.91 .4000E-06

12 783.93 0.8369 0.8368 0 999947 2.97 4304E-06

13 80687 0.8469 0.8469 0.999911 3.03 .4652E-06

14 828.27 0.8559 0 8571 0.999890 3.09 5052E-06
15 847.31 0.8869 0 8668 0.999838 3 16 .5534E-06
16 865 22 0.8769 0 8770 0.999780 3.23 .8138E-0
17 881 40 0.8869 0 8872 0.909886 3.30 .6756E-06

I8 895.43 0 8989 0.8969 0.999964 3.37 .7384E-08
19 908 14 0.9089 0.9068 0.999863 3.45 .7887E-08

20 920.65 0.9169 0.9171 0.999898 3.53 .8319E-08
21 931.71 0.9269 0.9265 0.999834 3.60 8738E-08

22 943 44 0.9369 0 9369 0 999744 3.69 .9242E-08
23 954 57 0.9469 0.9473 0.999779 3.79 .9764E-06
24 964.19 0 9569 0 9568 0.999907 3 87 .1025E-05
25 973 45 0 9669 0.9666 0.999923 3 97 .1080E-05
28 982 74 0 9769 0 9770 0 999985 4.07 .1133E-05
27 991 43 0 9869 0 9870 0.999981 4 18 .1178E-05
28 999 70 0.9969 0.9988 0 999973 4 29 .1235E-05
29 1007 72 1.0069 1.0089 0.999972 4.40 .1296E-05

30 1015 41 1.0189 1 0170 0.99972 4 53 1382E-05
31 1022.43 1.0269 1.0268 0.999983 4.05 .1431E-05

32 1029.42 1.0389 1.0370 0.999981 4.78 .1509E-05

33 1035.93 1.0470 1.0470 0.999975 4.92 .1589E-05

34 1042.11 1.0570 1,0570 0 999998 5.07 .1669E-05

35 1047.97 1.0670 1.0670 0.999959 5.22 .1765E-05
38.1053.55 1.0770 1.0770 0.999942 5.38 .1872E-0

37 1058 89 1.0870 1.0871 0.999947 5.55 .1998E-05

38 1083.74 1.0970 10970 0.999985 5.73 .2130E-05
30 1068.32 1,1070 1.1070 0 999999 5.91 2268E-05

40 1072 83 1.1171 1.1171 0.999995 8.11 .2410E-05
41. 1076689 1.1271 1.1271 0.999987- 8.32. .2555E-05-

42 1080.54 1.1371 1.1371 0.999972 8.54 .2713E-05

43 1084.16 1.1471 1.1471 0 999942 8.78 2896E-05
44 1087 58 1,1571 1,1571 0 999983 7 03 3097E-05

45 1090.74 1.1871 1.1872 0.999988 7.29 3304E-05
48 1093.86 1.1772 1.1771 0.999964 7 57 3535E-05
47 1098,43 1 1872 1.1872 0,999968 7 87 3763E-0S

48 1099 08 1 1972 1,1974 0.999958 819 4007E-05

49 1101 44 1 2072
50 1103 82 1 2173

51 1105 97 1.2273

S-DATA VIOLATES SIZE REQUIREMENTS
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TABLE H24

MCAIR Fatigue Crack Growth Rate Data

Associated with rigure H5

Seven Point Incremental Polynomial Method per ASTM E647

06-03-1991

Specimen Number: 34 Specimen Type: CT

B = 0.2500 in W= 1.6000 in An = 0.0000

Pmax= 200.0 lbs Pmin= 66.0 lbs

R= 0.33 Frequency= 0.00 hz.

Test Temperature= 75 F Environment= Lab Air

F- CYCLES Ameas Areg MCC Delta X da/dN

1 360.20 0.5620
2 440.20 0 6000
3 471.20 0.E20.
4 501.20 0.6410 0.6414 0.999347 3.09 .7344E-06
5 526.20 0.6630 0.6610 0.999374 3.19 .7961E-06

6 550.20 0.6800 0.6804 0.998438 3.30 .8773E-06
7 572.70 0.6990 0.7004 0.998672 3.41 .9549E-06
8 593.70 0.7200 0.7204 0.999612 3.54 .1049E-05
9 611.70 0.7420 0.7403 0.999512 3.66 .1167E-05

10 627.70 0.7590 0.7597 0.999165 3.79 .1294E-05
11 643.20 0.7790 0.7800 0.999228 3.94 .1440E-05

12 656.20 0.7990 0.7987 0.999964 4.08 .1604E-05
13 668.70 0.8200 0.8198 0.999882 4.25 .1811E-05
14 679.70 0.8400 0.8404 0.999642 4.43 .2036E-05
15 689.70 0.8610 0.8611 0.995973 4.63 .2449E-05
16 698.70 0.8820 0.8836 0.996653 4.85 .2998E-05
17 705.20 0.9000 0.9033 0.998114 5.07 .3543E-05

18 709.70 0.9220 0.9195 0.998681 5.26 .3973E-05
19 714.20 0.9390 0.9388 0.998773 5.50 .4403E-05

20 718.70 0.9590 0.9599 0.998815 5.78 .4884E-05
21 722.60 0.9790 0.9782 0.999167 6.05 .5461E-05
22 726.40 0.9990 0.9997 0.996910 6.40 .6546E-05

23 729.90 1.0210 1.0232 0.997777 6.82 .7997E-05
24 732.40 1.0420 1.0436 0.998994 7.22 .9172E-05
25 733.90 1.0600 1.0578 0 998900 7.52 .1009E-04
26 735.90 1.0800 1.0794 0.998196 8.02 .1156E-04
27 737.90 1.1010 1.1031 0.997625 8.64 .1355E-04
28 739.20 1.1200 1.1204 0.999476 9.15 .1551E-04

29 740.35 1.1390 1.1385 0.998991 9,73 .1829E-04

30 741.55 1.1610 1.1616 0.996739 10 56 .2270E-04
31 742.45 1.1800 1.1824 0.995284 11.41 .2910E-04
32 743.15 1.2010 1.2034 0.996399 12.39 .3787E-04
33 743.60 1.2190 1.2200 0.997602 13.27 .4791E-04
34 744.03 1.2400 1.2415 0.989786 14 57 .6C48--04
35 744.38 1.2610
36 744.58 1.2790
37 744.73 1.3030

* DATA VIOLATES S:ZE REQU:REMENTS
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TABLE H127

MCAIR Fatigue Crack Growth Rate Data
Associated with Figure H7

Seven Point Incremental Polynomial Method per ASTM E647

06-03-1991

Specimen Number: 35 Specimen Type: CT

B = 0.2500 in W= 1.6010 in An = 0.0000

Pmax= 200.0 lbs Pmin =  20.0 lbs

R= 0.10 Frequency =  0.00 hz.

Test Temperature
=  75 F Environment = Lab Air

?T 0YC07S Ameas Areg M( Deata K ia<

I 0 00 0.460C

2 86 C, C.48C3
3 "-f 03 SC)
4 C25 CO C.520. C.!Z68 0 98 97 2 44 52CE-
5 8.0 "5 .1400 1 :67, C 9 7; 14.43 .905E-C5

8 8 ,2 15 .. 1590 '..:72; C.994541 15.08 1Th8E-0C

7 813.45 : 1610 .18 7 0 r,99.50 .5.6C :094E-04
8 814 45 .2020 1.2080 0-4879:2 16.91 .3356E-04

9 814 95 1.2220 1.2253 0.984009 18.17 .4781E-04
10 815 35 1 2400 .2458 0.977529 19.86 .7288E-04

i 815 65 1.26.0
12 815.79 1,28CC
13 815 88 1 3000

* D ATA VICLATES S>ZE REqUIRENN7S

135



00 000 00 N 00 0 0 00 000 0on000
In n , . vs 0 M to v . 1.3 W. C0) a.. 2 1 2 62 - .! 2 2 ! 2 62 62"

U)~~~~~~~~ r00 40 C) ow n0~ 0 U) C)C l4 0 0.U . 0
0 0 In to LI N0 0 to r- U) cl2h~ i 0 000 Cl M 0 ) in 0 r) e

- ... . ..................
)

wl vl . . 0 v. w 0- M in in ip vi 0n c vU) 0 0 0- r- U) t- CD 00C 0 QlC

o a4 on 0 a U) N)U )U 0 ! L 0 M w C. C M .. 0 n n n 0" o 00

a m o o o ) 0 0 U ) 00 aC ) 0 D o r- c u.O

000000000000 00000 0000 000000000 4

W0 Q Ch DOD a 0 00 0 0 00 ) . U o l C 62

N
LLI 000000 000000. -

WM0 Q0 Q 4U 0.0G000Cl400C0 00.)C NC. N -c
*a. . . . . J

00000 000000 --------- 0

wE
0000O000000000000000000000000~0000

000000000000000000000000000000000 -c

Ww w wo o 0. 0. .2 a 0 0. m o Qc

*) 0 to0 0 G 0 00 0 G G 0 0G G o 0

00 r-

00 0

cNJ e H * )

-~ U A 0 2N L o o o o o o o o o o o o o o o
ca '-

4  
r I

E . . .~ .C I O . 4 ) .. . . . . . . . . . . . . . . .

Aj. co Ec

-W w I to~ C1 Cl U @ 0 t -CO CO 3 0 00 r)en inon0 1.-C a

"-4-

uU)o~ mrm NNW41
Wo 0- 00W M Wvo 0--- .MN v

.. ~~ ~ L am -0 * l000 00U)U0 W4 C1OV O-U
G00-000 G000000O00 Doom ai

U L 4 I.0 000000000000000000000000000~00

-~~1 I-Wo "nwo WOO" 0 C0 . 0 0 00 0 0Cl 0l)Cl mi lU)
in ini0) 0 ZZtt-- t-X- t- 0 C. Q C C 4 0 .0 C~ 4 ) C0 0 Go 10W M W

o 1 0 -) E0000000000 .C00000000000

E C4 -

V - U 0 X0 ro 0 4t31 10 1)0 0 . . .0 00 11,1 0 10 0 1.. N . o v t-
r, r- r- f- 0 r0G0-c.C )0C )4 .0 - co 0 W cc W 0 C) W C

L22 (22m ~ 000000000000000000000000000000000

1.1 0 C 00000000000 0 0000000 , 00000000
- 0 0 0 0 00 0 0 00 0 00 r0 00000000C 0

- l . ) 
1

)4 C 40ClU 0C.0 . .0 i)-0 )C 0 N ) 00 o Cl c.- - U
IF in in o)00- )U 0 0 0 - .I - r- 1, U) 0 C.0 0 0 w w CU CD W M (U) U) 0 0 M. Go

136



TABLE H29

Air Force Fatigue Crack Growth Rate Data

Associated with Figure H7

Seven Point Incremental Polynomial Method per ASTM E647

09-20-1991

Specimen Number: ST17 Specimen Type: CT

B= 0.2511 in W = 1.6025 in An = 0.0000

Pmax =  126,0 lbs Pmin =  12.0 lbs

R= 0.10 Frequency = 30 hz.

Test Temperature= 72 F Environment= LAB AIR

PT CYCLES Ameas Areg MCC Delta K da/dN

(xIO00) (in )
--------------------------------------------------------------------------------------

1 518.55 0.8792

2 521.68 0.8893
3 524.75 0.8997

4 528 85 0.9097 0.9139 0.991099 4.38 .4054E-05

5 529.83 0.0199 0.9182 0.988561 4.42 .3927E-05

6 532 30 0 9301 0 9285 0.988817 4.53 .4087E-05

7 534.82 0.9403 0.9398 0.990720 4.05 .4379E-05

8 537 79 0,9506 0.9519 0 907850 4.78 .4145E-05

9 540 11 0.9608 0.9620 0.995003 4.90 .3944E-05

10 541.85 0.9710 0 9689 0.994538 4.99 .3979E-05

11 544 73 0 9810 0.9799 0.985913 5,13 4153E-05

12 548,29 0,9911 0,9941 0.971217 5.32 .S418E-05

13 550.23 1.0013 1.0044 0 980355 5.46 .6273E-05

14 551 38 1 0116 1.0116 0,979072 5 57 .6575E-05

15 551 98 1 0218 1.0173 0 987553 5,85 .7158E-05

16 554 18 1.0319 1 0333 0.9873:2 5 91 .7135E-05

17 555 55 10421 1.0415 0 990771 6 04 .7115E-05

18 557 23 1 05Z3 1.0532 0 996030 6 25 7750E-05

19 558 32 1 0625 1.0628 0,996164 6.43 .7785E-05

20 559 51 1 0730 1 0723 0.996383 6 61 7054E-05

21 560 63 1 0831 1 0813 0 984736 6 79 8824E-05

22 562 28 1 0032 1 0954 0 900128 7 10 .1107E-04

23 563 38 1 1035 1 1076 0 988254 7 38 1500E-04

24 563 86 1 1160 1 1143 0 990876 7 54 1598E-04

25 564 43 1 1261 1 1251 0 990543 7 82 1681E-04

26 564 99 I 1358 1 1362 0 997117 8 12 1825E-04

27 565 6E 1 1474 1 1476 0 998815 8 44 .1748E-04

e 28 566 31 1 15J4 1 1593 0 998025 8 80 1866E-04

29 565.86 1690 1.1682 0 999130 O 909 1989E-04

30 567 44 1 1792

31 567 83 1 1898

32 568 29 1 2000

- DATA V0OLATES SIZE REQUIREMENTS
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TABLE H30

MCAIR Fatigue Crack Growth Rate Data

Associated with Figure H7

Seven Point Incremental Polynomial Method per ASTM E647

06-03-1991

Specimen Number: 36 Specimen Type: CT

B= 0.2500 in W = 1.6000 in An = 0.0000

Pmax= 200.0 lbs Pmin= 66.0 lbs

R= 0.33 Frequency= 0.00 hz.

Test Temperature= 75 F Environment= Lab Air

PT CYCLES Ameas Areg MC' De'a X da'eN

.081,00 0.-490
2 1114.00 C.7710

3 '144.00 0.7910
4 1171.00 0.8090 0 8099 0 998932 4.77 .7940E-o0
5 1196.00 0.8290 0.8298 0.999650 4.34 .89c E-06

6 1218.00 0.8500 0.8499 0.999990 4.52 .998E2-05
7 1237 00 0.8700 0.8699 0.999987 4.-, .:104E-05
8 1254.50 0.8400 0.8899 0.9§9'83 4.9 .1222E-05

9 1271.50 0.9110 0.9110 0.998811 5.16 .1299E-05
10 1285.50 0.9300 0.9308 0.999:92 5.40 1592E-05
11 1298 00 0.9500 0.9512 0.999568 5.66 .1834E-05

12 1308.00 0.9710 0.9699 0.999617 5.93 .2100E-05
13 1317.50 0.9900 0.9907 0.999309 8.25 .2433E-05
14 1325.50 1.0100 1.0108 0.999131 6.59 .2808E-05

15 1332.00 1.0290 1.0290 0.999680 6.93 .3243E-05
16 1338 00 1.0490 1.0493 0.999523 7.33 .3776E-05

17 1343.50 1.0700 1.0707 0.999500 7.81 .4417E-05
18 348.00 1.0910 1.0912 0.999170 8 32 .5215E-05
19 1351.60 1.1100 1.1104 0.999589 8.85 .5955E-05

20 1355.10 1.1310 1.1321 0.999409 9.51 .6941E-05
21 1357.60 1.1510 1.1497 0.999156 10 12 .7941E-05
22 1360.35 1.1710 1.1725 0.997120 10.99 .9717E-05
23 1362.35 1.1910 1.1922 0.991305 11.86 .1244E-04
24 1364.10 1.2110 1.2152 0.986587 13.01 .1750E-04

25 1365.35 1.2320 1.2394 0.978051 14.43 .2726E-04
28 1365.90 1.2500 1.2542 0.980551 15.43 .4027E-04
27 1366.40 1.2690 1.2761 0.973908 17.12 .6372E-04
28 1366.74 1.2920
29 1366.91 1.3100
30 1366.98 1.3300

- DATA VIOLATES SIZE REQUIREMENTS
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Figure 118 FALSTAFF Spectrum Fatigue Crack Growth Rate Data for
AI.905XL, Forging (L-S Orientation, Maximum Stress = 2n KSI,
Lab Air and Room Temperature). Air Force.

139



TABLE 1131

FALSTAFF Spectrum Fatigue Crack Growth
Rate Data Associated with Figure H8

MATERIAL AL905XL SPECIMEN ID : AXLLS23

FORM : FORGING DATE 24 JAN 90

ORIENTATION L-S
TEST CONDITION LAB AIR ROOM TEMP WIDTH, W - 3.$06 INCHES

TYPE SPECTRUM FALSTAFF THICK, B - 0.250 INCHES

MAX SPECTRUM STRESS - 20.0 KSI

POINT CRACK (2a) TOTAL K-MAX Da/dF

4 (INCHES) FLIGHTS KSI SOR(IN) 10*-6 IN/FLT

1 0.547 200
2 0.581 400

19.87 122.50

3 0.630 600
20.73 125.00

4 0.680 800
21.59 125.00

S 0.730 1000
22.50 147.50

6 0.789 1200
23.43 135.00

7 0.843 1400
24.50 195.00

8 0.921 1600
25.71 177.$0

9 0.992 1800
26.87 185.00

10 1.066 2000
28.03 175.00

II 1.136 2200
29.21 192.50

12 1.213 2400
30.71 265.00

13 1.319 2600
32.31 212.50

14 1.404 2800
33.68 187.S0

15 1.479 3000 35.75 197.50

16 1.637 3400
39.97 351.25

17 1.918 3800
44.37 307.50

18 2.041 4000
46.93 217.50

19 2.128 4200
49.85 327.50

20 2.259 4400
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Figure H9 Mini-TWIST Spectrum Fatigue Crack Growth Rate Data for
AIO5XL Forging (L-S Orientation, Maximum Stress = 16.9 KSI,
Lab Air and Room Temperature). Air Force.
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TABLE H132

Mini-TWIST Spectrum Fatigue Crack Growth
Rate Data Associated with Figure H9

MATERIAL ALS5XL
FORM :FORGING
ORIENTATION L-S
TEST CONDITION LAB AIR ROOM TEMP
TYPE SPECTRUM MINITWIST

SPECIMEN ID N01
DATE :22 JAN 90

WIDTH. W - 3,50S INCHES
THICK, B - 0.2S2 INCHES

MAX SPECTRUM STRESS - 16.9 KSI

POINT CRACK (2a) TOTAL K-MAX Da/dF
# (INCHES) FLIGHTS KSI SQR(IN) 10V-6 IN/FLT

1 O.503 1
2 0.705 4000

21.09 51.25
3 1.11S 8000

32.92 153.13
4 2.340 12000

46

142



TABLE H33

STRESS CORROSION PROPERTIES
FOR AL905XL FORGING

WYMAN GORDON

ASTM G47
Specimen Size: .125" dia. x 1.80" long
Tested at Dirats Laboratories

No. of Days
S/N Orientation Location Applied Load (ksi) to Failure

31 S rail 30 Passed
32 S rail 30 Passed
33 S rib 30 Passed
34 S rail 40 Passed
35 S rail 40 Passed
36 S rib 40 Passed
39*** S rail 50 Passed
40 S rail 55 Passed

** Minimum 30 days by alternate immersion in 3.5% NaCl.

Specimens actually ran 50 days and then was terminated.
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